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ABSTRACT 
In 2001, the Highways Agency (HA) published a procurement strategy in response to a 
succession of studies during the 1990s, including Sir Michael Latham’s “Constructing the 
Team” report, Sir John Egan’s “Rethinking Construction” report, and the National Audit Office 
report “Modernising Construction”.  The strategy covers the full range of the HA’s activities, 
with a focus on its delivery of services to road users as the operator of England’s motorway 
and trunk road network, valued at £60 billion.  In this respect, the HA’s work is broadly 
divided into categories based on cost, namely maintenance contracts, regional projects and 
major projects.  Within the regional projects category for works valued between £500k and 
£5 million, works are packaged together and procured through frameworks, allowing long-
term relationships with delivery teams as a means of providing best value.  To further 
promote this, the HA has embarked on a new initiative in Areas 9 and 10 of entering into 
direct contractual arrangements with specialist trade contractors and suppliers to form the 
Construction Management Framework (CMF).  The contract commenced in July 2002 for a 
four year term, with an option, year on year, to extend to seven years, and covers the 
delivery of road renewals, structures renewals and improvement schemes.  In addition, lean 
thinking has been identified as a means of providing improvement, and a lean construction 
trial has been planned on a road renewals project in Area 9, with the opportunity for 
developing lean as best practice within the CMF. 
 
The research aims to assess the performance of the CMF in highways renewals schemes. 
There are two objectives of the research: to assess the delivery of best value in highways 
renewals and improvements schemes using construction management, in particular through 
the establishment of a framework community; and to demonstrate how lean thinking can be 
used to provide continuous improvement within the framework community arrangement. The 
research methods used have included: questionnaires; surveys; longitudinal and cross-
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sectional data comparison; and case studies. The main outputs of the research are: the 
development of a measurement agenda to address the value definitions defined in the 
research; the development of a lean procedure to be used in the CMF based on the 
outcomes of the lean trial; and recommendations for improving the CMF. 
 
The research has contributed to knowledge by providing a practical application of a 
collaborative framework arrangement, and identifying its strengths and weaknesses as a 
working model in the highways renewals and maintenance sector. It contributes to theory by 
providing a practical framework for initiatives, including lean thinking; for industry, it identifies 
implementation of those initiatives, and suggests improvements to overcome barriers to 
establishing and operating collaborative frameworks. 
 
KEY WORDS 
 
Construction management, frameworks, lean, partnering.   
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PREFACE 
This thesis represents research undertaken between 2004 and 2008 to fulfil the requirements 
of an Engineering Doctorate (EngD) at the Centre for Innovative and Collaborative 
Engineering (CICE) at Loughborough University, Leicestershire, UK. The research was 
conducted in an industrial environment, and was jointly funded by the sponsoring company, 
AmeyMouchel who are a service provider to the Highways Agency, and the Engineering and 
Physical Sciences Research Council (EPSRC).  
 
The EngD programme is an alternative to a traditional PhD in that it aims to address the 
needs of industry through providing a solution to one or more significant challenging 
problems within an industrial context. This thesis describes a research project that focuses 
on the delivery of highways renewals and improvements solutions by the Construction 
Management Framework (CMF), an innovative collaborative framework established to 
address some of the issues encountered through the use of more traditional procurement 
arrangements.    
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1 INTRODUCTION 
1.1 BACKGROUND TO THE RESEARCH 
1.1.1 THE GENERAL SUBJECT DOMAIN 
The Highways Agency (HA) is an executive agency for the Secretary of State for 
Transport, Local Government and the Regions. It was established in 1994 in 
response to demands in the 1980s and early 1990s to improve the efficiency of the 
public sector by making use of both public and private resources. When the HA was 
first established, it had 91 separate agreements for carrying out maintenance of the 
road network; these agreements were mainly with the relevant Local Authority. These 
agency agreements were reviewed by the newly established HA, with the intention 
that opportunities would be given to the private sector to become more involved in 
these works. A consultation exercise in 1995, ending in 1996, from which the 
decision was made to reduce the number of agency agreements to 24 “Super 
Agents” appointed by competitive tender; this was later reduced to 20 agreements, 
and is currently established at 14 Highways Agency Areas. The term “Super Agent” 
has been replaced by Managing Agent (MA), and their role is to manage the work of 
Term Maintenance Contractors (TMC).  
 
In 1997, the Highways Agency published its first procurement strategy. The strategy 
included: guidance on using partnership principles both pre and post contract award; 
moving away from adversarial re-measurement contracts; introduction of alternative 
design and build contracts, and model contracts; and emphasis on best value with 
the introduction of quality/price evaluation of tenders.  
 
The HA recognised that major studies in the 1990s, including the Latham (1994) and 
Egan (1998) reports had highlighted problems with traditional methods of 
procurement in the highways sector. The reports made various recommendations for 
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improving the industry, focusing on the problems in the UK construction industry, in 
particular the poor relations between clients and their supply chain. Targets and 
recommendations for improving productivity were linked to better use of partnering 
and more innovative forms of procurement, such as design and build (Latham, 1994; 
Egan, 1998; National Audit Office, 2001). Reports on behalf of the government as a 
client (Levene, 1995; Gershon 1999) looked to: a more consistent approach within 
and across government departments towards procurement; better training in 
procurement; and better understanding of value for money by government personnel.   
 
The reports reinforced the knowledge that in the early 1990s the outturn cost of 
highways projects was on average 24 per cent higher than the original tender price; 
this had continued to rise to 40 per cent on more recent projects procured using 
traditional methods (National Audit Office, 2001).  In addition, the HA were concerned 
that they were creating adversarial relationships with suppliers that was not 
sustainable.  This perceived poor performance in the highways sector led to a rethink 
in the HA’s approach towards procuring across its departments, from maintenance to 
major projects, and the way it worked with its suppliers. 
 
Taking on board the recommendations from the reports, the HA prepared a 
procurement strategy based on ten overlying principles to achieve best value 
(Highways Agency, 2001), including:  
• early creation of the delivery team;  
• an integrated and incentivised supply chain;  
• selection of suppliers based on best value;  
• fair allocation of risks;  
• partnership approached based on long-term relationships; and  
• performance measurement with continual improvement targets. 
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In 2001, the first Managing Agent Contractor (MAC) contract was awarded, 
combining the roles previously undertaken by the MA and the TMC. The MAC 
provided the HA with a single point of responsibility, and was a form of prime 
contract, favoured by the Office of Government Commerce (HA, 2001).  
 
In addition, innovative forms of procurement were encouraged as a way to achieving 
efficiency savings and provide best value. This research examines one of those 
procurement routes chosen by the HA: the Construction Management Framework 
(CMF). The CMF was first trialled in two pilots and then undertaken as a 4 year term 
contract in two of its Areas (later extended to 7 years). The CMF was established as 
a procurement route which aimed to address some of the principles described in the 
HA’s procurement strategy, with a focus on providing best value through long-term 
partnering of an integrated supply chain, with contract terms based on shared risk. 
However, this raises questions such as: what is meant by best value; how is value 
measured; can the benefits of this type of procurement be demonstrated; and what 
are the barriers to this form of procurement being successful? As a member of one of 
the overseeing organisations within the CMF, the research engineer realised there 
was potential to address these questions in order to provide recommendations for 
improvement to the CMF and the HA. The research engineer also identified an 
opportunity to share findings with the academic community and with wider industry in 
providing a practical demonstration of how this particular arrangement attempted to 
provide better value, and communicating the lessons learnt. 
1.1.2 THE INDUSTRIAL SPONSOR 
AmeyMouchel was the sponsoring company for the research. The company is a joint 
venture established in 1997 for the sole purpose of providing services to the 
Highways Agency. At the beginning of the research, AmeyMouchel employed 1200 
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people on five HA commissions, with work covering: incidents response; design of 
improvement and maintenance works; winter maintenance and snow clearance; 
structures maintenance; street lighting and road sign maintenance; verge and 
landscape maintenance; highways improvements; and safety measures. 
AmeyMouchel operated as the MAC in two HA Areas: Area 9 and Area 13; and as 
the TMC in three Areas. With the trend towards amalgamating the roles of MA and 
TMC into the single MAC operator, AmeyMouchel currently operates as the TMC in 
only one HA Area, and its contracts as MAC of Areas 9 and 13 ends in July 2009 and 
July 2010 respectively. In 2006, it was announced the two parent companies would 
not be bidding for future work as a joint venture, and both companies have since 
tendered separately for HA contracts. 
 
The research was within the Area 9 MAC. The Area 9 MAC contract commenced in 
July 2002 for a four year term, with an option, year on year, to extend to seven years. 
The contract has a workforce of 430 employees and a value of approximately £40 
million per annum.  There are seven main units within the contract (see Figure 1.1):  
• Strategic Asset Management: including general and principle inspections of 
roads and structures; 
• Business: including finance, HR, and business development; 
• Engineering: including roads and structures design; 
• Delivery: including planning, co-ordinating and delivering maintenance works; 
• Operations: including planning and carrying out routine maintenance and 
emergency works;  
• Network Utilisation: including management of the network; and 
• SHE: covering health and safety, and environmental matters. 
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Figure  1-1: AmeyMouchel organisational structure 
 
The Area 9 contract is responsible for delivering maintenance contracts (works 
costing up to £500,000) and regional projects (works costing from £500,000 to £8 
million). Maintenance works are predominantly performed by the Operations Team, 
while regional projects involving major maintenance and improvement works to roads 
and structures are co-ordinated by the Delivery Team. The preferred route of 
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procurement for major maintenance works in Area 9 is the use of the Construction 
Management Framework (CMF). The AmeyMouchel Area 9 Delivery Team takes on 
the role of Construction Manager for schemes in Area 9 undertaken using the CMF.  
 
The CMF contract was awarded in Area 9 and 10 to a collection of 24 companies 
including two construction managers, those being the MAC in Area 9 and the MA in 
Area 10. The contract was set up for 4 years, with an option to extend this to 7 years. 
A responsibility was placed on all those involved in the contract, including the client, 
to adopt a partnering ethos, and to this end, the companies in the CMF formed a self-
supporting Community. The Community structure is shown in Figure 1.2. 
 
The Community agreed objectives at the beginning of the contract, and looked to 
align the culture and processes of those working under the framework, using a single 
performance measurement system to measure each scheme. The CMF is the 
collaborative framework arrangement that this research is centred on. 
 
Figure  1-2: The CMF Community structure 
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1.2  AIM AND OBJECTIVES 
The research aims to assess the performance of the CMF in highways renewals 
schemes. There are two objectives of the research: to assess the delivery of best 
value in highways renewals and improvements schemes using construction 
management, in particular through the establishment of a framework community; and 
to demonstrate how lean thinking can be used to provide continuous improvement 
within the framework community arrangement. These objectives are examined 
through a subset of objectives: 
1. To assess the delivery of best value in highways renewals and improvements 
schemes using construction management, in particular through the establishment of 
a framework community:  
• Define the aims of the construction management community (CMC). 
• Define best value in terms of highways construction. 
• Determine an agenda for measurement of best value and continuous 
improvement. 
• Assess the performance of the CMF.  
• Provide recommendations and implement actions for improving the 
performance of the CMC. 
• Provide recommendations for improving future CMF contracts. 
2. To demonstrate how lean thinking can be used to provide continuous 
improvement within the framework community arrangement: 
• Define lean construction in the context of the CMF. 
• Assess the success of the lean construction trial undertaken by the CMF. 
• Recommend improvements to the way lean thinking is applied within the 
CMF. 
• Support the implementation of successful lean processes as best practice in 
the CMF. 
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While the CMF collects information and measures their success, the research 
undertaken for the Engineering Doctorate will provide independent analysis of the 
feasibility of procuring highways maintenance work through construction 
management, using the framework arrangement.   
1.3  JUSTIFICATION AND SCOPE 
While there has been much research surrounding partnering in construction, 
collaborative working and the use of frameworks, and there is some evidence to 
suggest these are beneficial to project performance, there is little evidence of the 
performance of long-term frameworks involving several specialisms, with more than 
one contractor within the framework for each specialism. There is also little research 
in the way of highways construction or infrastructure maintenance. 
 
The CMF presents an opportunity to gather knowledge and information on a long 
term collaborative framework, and to see this in practice within the context of 
highways major maintenance, with the particular challenges that face this industry. 
The use of CMF type arrangements will become an option for all HA Areas from 
2008, and thus this research identifies the practices of the first CMF with commentary 
on its success or otherwise. 
1.4  STRUCTURE OF THE THESIS 
The thesis begins with a critical review of literature, with relation to best value in 
highways maintenance, partnering in construction, frameworks and collaborations, 
and lean thinking as a tool for continuous improvement. The research methods 
available for the research, and the methodology adopted to achieve the set 
objectives will be described, with justification for using the chosen methods. The 
research programme will be explained in detail, with reference made to the papers 
included in the thesis. Finally, the findings and implications of the research will be 
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described, including a critical evaluation of the research and implications and 
recommendations for industry and further research.  
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2 RELATED WORK 
2.1 INTRODUCTION 
This chapter examines procurement systems of highway systems in other countries, 
as well as other public sector procurement approaches in the UK, with examples 
from the Ministry of Defence (MoD) and the National Health Service (NHS). The 
Construction Management Framework is a particular type of collaborative working in 
construction, so related work in partnering and collaborative arrangements is 
discussed here. Other work discussed in this section focuses on definitions of value 
and best value in literature published by government bodies and established 
research organisations in the UK, as well as academic research.  Value approaches 
adopted by the Highways Agency have then been reviewed to gain an understanding 
of what is meant by best value in highways maintenance, and how the achievement 
of best value can be measured.  This research also looks to demonstrate how lean 
thinking can be used to provide continuous improvement within the CMF, therefore, 
related work surrounding lean thinking in construction is also discussed. 
2.2 PROCUREMENT SYSTEMS 
2.2.1 HIGHWAYS MAINTENANCE PROCUREMENT 
 
Studies of highways maintenance procurement worldwide (including Australia, 
Canada, England, Finland, Latin America, Malaysia, New Zealand, Sweden and the 
USA) have shown a general shift in trend from in-house maintenance to procuring 
maintenance services and product from the private sector (Pakkala, 2002; Porter, 
2009; Zietlow, 2005). Generally, areas have been divided into defined road length 
areas, named network maintenance areas, and the employed organisation is 
responsible for all maintenance activities on roads, bridges and pathways. Earlier 
practices of this were by yearly or multiyear agreements, with a labour rate or unit 
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price for the work carried out, however, more innovative types of contracts have 
recently been introduced (Pakkala, 2002). These include: 
• traditional 3 to 5 year duration; 
• hybrid type contracts (combination of lump sum and unit price/schedule of 
rates); 
• longer term maintenance contracts (some are up to 10 years); 
• performance specified maintenance contracts (PSMC); 
• under consideration - Privately Financed Managing Agent Contractor 
(PFMAC: consultation undertaken in England, but not tested). 
 
Figure  2-1: Long-term contract models (Pakkala, 2002) 
 
Figure 2.1 identifies the forms of contract used worldwide. It is worthy of note that the 
Australia, New Zealand and England traditional and hybrid type models use a 
consulting organisation as the network manager for the client (in England this is the 
Managing Agent). The consulting agency focuses on long-term management of the 
network: operating the maintenance strategy and providing the contractor with the 
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planned scope of work/maintenance (Pakkala, 2002). This has not emerged to any 
extent in North America (Porter, 2009).  
 
Output-based contracts have an established set of desired outputs in terms of unit 
prices for each level of activity, while outcome-based contracts state the desired 
outcomes including required levels of service, and the contractor determines 
reasonable methods or means to achieve the results (Porter, 2009). The most 
advanced of outcome-based contracts (known as the Performance Specified 
Maintenance Contracts model) do not include any method-based specifications; the 
Contractor is given complete freedom to conduct the work as he chooses, with 
payment by lump sum (Porter, 2009). Figure 2.2 shows a brief history of the 
introduction of performance specified maintenance contracts in different parts of the 
world.  
 
Late 1980s Early 1990s Mid 1990s 1995 1996 1998 
British Columbia, 
Canada 
(performance 
standards 
oriented towards 
work procedures 
and materials to 
be used, rather 
than result 
oriented 
Argentina (using 
end result 
performance 
specifications for 
maintenance 
services and 
implementing a 
penalty system 
for not meeting 
response times 
in carrying out 
repairs 
Uruguay, 
followed by 
Montevideo, 
Brazil, Chile and 
Columbia 
(others such as 
Ecuador, 
Guatemala and 
Peru to follow) 
Australia (some 
states working 
with hybrid 
contracts, where 
some of the 
works are paid 
as a traditional 
contract based 
on quantities 
and unit prices, 
and other based 
on performance 
criteria 
Virginia, 
USA, and 
Washington 
in 2000 
(both pilot 
schemes) 
New 
Zealand 
Figure  2-2: Brief history of Performance Contracts (based on Zietlow, 2005). 
 
The benefits and disadvantages of long-term contracts have been identified by 
Pakkala (2002) from discussions with organisations and reports on the subject that 
have been issued; these are shown in Table 2.1. 
 
Cost reductions is a main driver for performance contracts in road maintenance, and 
have been said to be shown where used in Australia, the United States and New 
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Zealand; the road authority in Western Australia moved from an in-house model 
to PSMC contacts for its entire network, with early indications that they will 
achieve savings in the order of 25% (Porter, 2009).  
ADVANTAGES  DISADVANTAGES 
• Cost savings 
• Fully integrated client services 
• Transferring risks 
• Innovation 
• Better asset management 
• Easier budgeting 
• Lesser contract administration 
• Better level of service 
• Partnering potential 
• Targeted maintenance 
• Road user satisfaction 
• Building trust 
• Applying improvements to other roads 
• Developing a new industry 
• Benefits of economy of scale 
 
 
• Costly tendering for PSMC 
• Longer tendering period for 
PSMC 
• Reduction of competition (social 
justice), usually for large 
contractors 
• Client role changes (loss of 
experts)? 
• Uncertainty of long term 
relationships 
• Mobilization issues need to be 
addressed 
• Specifying inappropriate 
outcome criteria 
• Loss of control 
• Loss of financial flexibility for 
other roads 
• Applying changes in mid-term 
 
Table  2-1: Advantages and disadvantages of long-term contracts (Pakkala, 2002) 
 
One of the biggest challenges of performance specified maintenance contracts is the 
cost of tendering and the longer tendering periods, with rehabilition (or remedial 
works) adding complexity to the process (projects in the USA and Canada that do not 
include rehabilitation have proven this) (Pakkala, 2002). 
 
There is also a concern that long term contracts may have an effect on smaller 
businesses, with associated competition issues; however this has not proven to be 
an issue to date as smaller and medium-sized companies have turned to 
specialisation, forming partnerships and alliances (Pakkala, 2002). 
 
Pakkala (2002) compiled a number of lessons learned when considering 
performance specified maintenance contracts and long-term contracts. These 
include: 
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• maintenance costs can remain the same, despite inflation, additional traffic 
volume and better perceived quality; 
• essential to develop partnering and trust; 
• innovation is maximised via long-term agreements, lump sum contracts and 
quality-based selection critera; 
• contract duration should be a minimum of 7 years; 
• perceived loss of control be the client;  
• loss flexibility by the client; 
• mobilisation issues need to be addressed and include financial flexibility; 
• client must have clear scope (established key success criteria); 
• role of the client changes, utilising more management skills and requiring 
different skills; 
• client to determine what risks/liability are to be shifted to the contractor, or 
what decision-making can be transferred; 
• develop pre-qualifications for maintenance contracting; 
• good and reliable road data is required for tendering and strategic work; 
• quality may suffer during the first year; 
• proper incentives and disincentives must be in place; 
• innovations should be described in the contract and enforced; and 
• requirements (performance criteria) should be matched with industry 
knowledge. 
2.2.2 PUBLIC SECTOR PROCUREMENT IN THE UK 
In the UK, the Office of Government Commerce (OGC) was established in 1999 as a 
“one-stop shop” central procurement organisation to deliver improved standards in 
public sector spending, with a focus on better value for money on a whole-life costing 
basis (HM Treasury, 2007). The OGC was formed in response to the Gershon report 
(Gershon, 1999), which found that previously: procurement responsibilities had 
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previously been delegated by government to departments, without a common 
operating framework, leading to a lack of consistency with a wide variation between 
best and worst practice; departments were paying significantly different prices for the 
same items; there was no common process for managing large, complex 
procurement and no arrangement for managing suppliers across government, 
allowing some suppliers to employ differential pricing; there was no common system  
across government for reviewing purchases or measuring value for money 
improvements; and the overall skill levels of the Government Procurement Service 
needed to be raised significantly (HM Treasury, 2007). Since it was established, the 
OGC has demonstrated efficiency savings and improved the public sector’s track 
record in project delivery; achieved through the introduction of Public Sector 
Agreements to encourage departments to focus on delivering key priorities, and 
Gateway reviews to help manage project delivery (HM Treasury, 2007).  
 
Future actions for public sector spending include: ensure spending supports the 
achievement of sustainable development goals outlined by the Sustainable 
Procurement Task Force report in June 2006; adopt an outcome based approach to 
procurement where appropriate in order to maximise innovation; make use of 
innovative procurement tools, such as e-auctions and OGC buying.solutions, a web-
based procurement tool connecting suppliers with government buyers and their 
demands to achieve procurement savings; and interact with the Technology Strategy 
Board and other UK science and technology businesses, to generate more 
innovative solutions and develop new technologies (HM Treasury, 2007).  
2.2.2.1 MoD Prime Contracting 
In 1997, a Strategic Defence Review was undertaken, in which it was found the 
defence estate suffered from a legacy of underinvestment, a situation perpetuated by 
the size of available budgets and the traditional procurement route which lacked 
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single points of responsibility and was hampered by the number of client/customer 
interfaces, imprecise allocation of risk and vulnerability to fraud and malpractice 
(Straight and Foley, 2009). In response, a new procurement model for the 
construction and maintenance of the defence estate, called Prime Contracting, was 
established to improve value for money through collaborative working and reducing 
the number of direct contracts from 150 to 200, to around 10 to 20, split into three 
different types of contract: 
• Regional Prime Contracts for the delivery of an integrated maintenance and 
capital works service across England, Scotland and Wales, with contract 
initially awarded for 7 years duration; 
• Capital Stand Alone prime contracts for projects that provide for technical or 
other facilities, with a complexity or significant cost element to justify having a 
dedicated team for delivery; and 
• Functional Prime Contracts where a need is identified for a similar item to be 
procured over the whole of the estate, eg to upgrade the worst single living 
accommodation for service personnel across the country (Straight and Foley, 
2009).  
 
In addition, external, professional technical advisors, known as Principal Support 
Providers, are employed to support the MoD project teams in the delivery of each 
Prime Contract, independent of the delivery of the Prime Contract or the associated 
supply chain (Straight and Foley, 2009).  
 
The prime contracts incorporate fundamental principles such as: whole-service 
procurement; economies of scale; collaborative working; involvement by all parties at 
the front end of the design process; a functional output-based specification; supply 
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chain management and prompt payment of suppliers; incentive pricing 
arrangements; clear allocation of risk; and fraud prevention and detection (Straight 
and Foley, 2009). 
2.2.2.2 NHS ProCure 21 
In May 2000, “Sold on Health” was published in response to reports into the UK 
construction industry, including the Egan report (1998), setting out a range of 
programmes to improve the planning, procurement, operation and eventual disposal 
of the NHS estate, one of which was ProCure 21 for publicly funded NHS Capital 
Schemes (NHS, 2009). ProCure was launched as a pilot in June 2002, and rolled out 
nationally in September 2003, with the framework extended until September 2010.  
 
ProCure21 allows NHS Trusts to select a Principal Supply Chain Partner (PSCP) 
from the ProCure21 framework who will offer a full range of services to help the Trust 
plan, design, approve and construct their scheme with a Guaranteed Maximum Price 
agreed by both parties prior to the start of construction (NHS, 2009). This method of 
procurement offers rapid mobilisation of projects with supply chains that have NHS 
experience, bypassing the need to OJEU tender the schemes; with the contract 
promoting joint incentives, long-term relationships, performance measurement, and 
support from the Department of Health, to ensure better quality and cost and time 
certainty (NHS, 2009). Results show that over 200 NHS schemes have been 
delivered through ProCure21’s £2.4 billion programme with no litigation on any 
scheme; in 2006, 94% of schemes were delivered on time, and 89% on budget 
(NHS, 2009). 
 
The principles of ProCure21 include (NHS, 2009): 
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• fast procurement route, with a recommended selection process satisfying all 
audity requirements of 3-4 weeks, with further time savings during 
construction periods through better and more robust planning prior to the 
construction phase; 
• early involvement of PSCPs and their supply chains in the design process, to 
include expertise from the supply chain members on design options and 
providing better knowledge of the scheme to reduce risk; 
• shared savings if the final out-turn cost is below the Guaranteed Maximum 
Price; supported by open-book accounting and costs monitored by the 
Department of Health;  
• commitment to innovation, best practice and sustainable construction, and the 
use of Achieving Excellence in Design Evaluation Toolkit mandatory on every 
scheme; and 
• performance reported and reviewed against Key Performance Indicators; 
collected by the Department of Health and used to measure the performance 
of PSCPs and the framework overall.  
 
ProCure21 Minor Works was developed for schemes under £1 million over a one 
year period, separate to the Major Works Contract. It allows NHS clients to engage 
PSCPs already approved for the major works programme on minor and maintenance 
work, providing a consistent approach to managing a series of small tasks under a 
single management, design and build contract, with administration and programme 
management undertaken by the supply chain, offering speed and flexibility to the 
NHS client (NHS, 2009). This contract offers: better reliability of cost, time and 
quality; collaborative working between the NHS and the Construction Industry; 
Guaranteed Maximum Price; and development of long-term relationships.  
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ProCure21 Key Performance Indicators show a high level of client satisfaction, minor 
general defects, safety figures above industry average, with significant cost savings 
made through shorter tender and construction time periods, and consultation is 
currently in progress to develop the framework shape and procurement strategy for a 
new framework as ProCure21 finishes in September 2010 (NHS, 2009). However, 
some concerns were raised (Monaghan, 2006) when it emerged that the flow of 
projects being let under ProCure21 had slowed and did not look to meet original 
estimates of the worth of projects awarded each year. At the time (2006), the 
framework consisted of 11 contractors who each paid an annual fee of £170,000 to 
be included on the framework, with no obligation on individual health trusts to select 
any particular PSPC for a specific job (Monaghan, 2006).  
2.3 PARTNERING IN CONSTRUCTION 
2.3.1 PARTNERING AND COLLABORATIVE WORKING IN 
CONSTRUCTION 
The benefits of partnering and collaborative working in construction have long been 
recognised and increasingly alliances between organisations are seen as a way of 
creating competitive advantage and adding value (Blayse and Manley, 2004; Cheng 
et al, 2004; Egan, 1998; Ingirige and Sexton, 2006; Latham, 1994; Ledger, 2003; 
Highways Agency, 2005a). Fortune and Setiawan (2005) point to the definition of 
partnering given by Fisher and Green (National Audit Office, 2001) as being the most 
widely accepted by those involved in the delivery of construction projects. This 
definition refers to partnering as: 
 
“a management technique embracing a range of practices designed to promote more 
co-operative working between contracting parties... The objective is to align and unite 
the parties with a shared goal of completing the scope of work in a cost effective and 
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timely manner which is mutually beneficial…Strategic partnering involves the main 
contractor and the client organisation working together on a series of construction 
projects to promote continuous improvement” (National Audit Office, 2001, p29). 
 
Barlow and Jashapara (1998) highlighted the distinction in the construction industry 
between one-off partnering and long-term partnering, or strategic partnering as 
termed by Fisher and Green (National Audit Office, 2001), as existing for the duration 
of several projects. Ingirige and Sexton (2006) support the view that it is through 
long-term partnering contracts that a sustainable competitive advantage can be 
achieved by establishing organisational mechanisms for the transfer of knowledge 
between projects, in order to continuously create new knowledge. 
 
Collaborative working in construction has provided a vast amount of research, 
particularly since the publication of the Latham (1994) and Egan (1998) reports. Cost 
savings between 5 and 30 per cent, and time savings between 10 and 40 per cent 
have been achieved using project partnering, while the use of strategic partnering or 
long-term partnering over the duration of several projects or contracts, can save up to 
40 per cent in costs and 50 per cent in time (Olsson and Espling, 2004).  
 
Walker and Hampson (2003) show that the degree of cooperation within project 
teams increases over time, therefore, the full benefits of partnering can be better 
realised through long-term partnering rather than one off project partnering. 
Competitive advantage can be better achieved where the continuous production of 
new knowledge is encouraged and supported by the partnering participants, 
however, it is argued that the nature of construction leads to discontinuous learning 
and feedback loops among project teams, with project based firms generally lacking 
the organisational mechanisms for sharing knowledge from one project to the next 
(Ingirige and Sexton, 2006). Thus, the most conducive environment for sharing 
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knowledge and learning from project to the next is where projects are of a similar 
nature, like those in a maintenance contract, and an organisational structure is in 
place that formalises the process of capturing knowledge. 
2.3.2 COLLABORATIONS IN MAINTENANCE CONTRACTS 
Olsson and Espling (2004) discussed partnering for maintenance contracts, and 
acknowledged Hornfeldt, who highlighted the benefits of partnering specifically in 
maintenance contracts, where partnering can: increase flexibility in meeting the 
needs of the road user; reduce the length of time that road networks are closed or 
restricted for construction; lower maintenance costs; and increase functionality of all 
systems. However, some potential disadvantages include: a requirement for more 
management involvement; a reliance on the partnership and maintaining the value 
received, with competition focused on improving costs or performances that are more 
critical to the client; and reduced advantage for non-partnered contractors when 
bidding on subsequent contracts, thus leading to reduced competitiveness (Olsson 
and Espling, 2004).  
 
Most literature discusses selecting partners for frameworks and alliances in terms of 
aligned objectives, vision, culture, and a willingness and ability to partner 
(Humphreys et al, 2003), however, this assumes that the selection of contractors will 
be employed continuously either in a one-off project partnering situation, or in 
strategic partnering. There is little discussion on: the allocation of work to framework 
members where there is more than one contractor employed for a specialism; and 
the effect that non-continuous work has on the performance of the framework.  
2.4 VALUE IN HIGHWAYS MAINTENANCE 
2.4.1 BEST VALUE LEGISLATION 
Best value is a concept that has recently been introduced to the construction industry 
through the Local Government Act 1999 (Langford et al, 2003).  The Act requires 
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best value authorities to “make arrangements to secure continuous improvement in 
the way in which its functions are exercised, having regard to a combination of 
economy, efficiency and effectiveness” (DETR, 1999, p3).  This places a duty on 
authorities to review all their activities in line with Best Value legislation, and ensure 
action plans for improvement are in place from those reviews.  The reviews must 
take into consideration costs and value for money, while meeting the needs of 
communities and interested parties, namely, council tax payers, business rate 
payers, users and potential users of services and anyone interested in the work area 
(I&DeA, 2006).  I&DeA explain that the principles of best value are to deliver what 
local people want, when they want it, at a cost they are willing and able to pay, with a 
rigorous performance review and audit system.   
 
Langford et al point out that combinations of economy, efficiency and effectiveness 
are seen as the cornerstones of best value appraisals, with quality, equality and 
public involvement seen as secondary issues, while government documents point to 
quality, efficiency and continuous improvement for the service users as the core 
principles of best value (I&DeA, 2006; Scottish Executive, 2006; ODPM, 2002).  
Langford et al note that the term best value has been applied outside of the context 
of legislation applying to local authorities, and surmises that “best value can be 
summarised as an optimum combination of whole life costs and quality, which could 
be achieved by the use of collaborative arrangements and simultaneously looking for 
continuous improvement” (Langford et al, 2003, p60).   
 
However, there is very little guidance in literature of how to implement or identify 
continuous improvement, although there much interest has been generated in this 
field (Giskes and ten Broeke, 2000).  It has been noted by Giskes and ten Broeke 
that continuous improvement has predominately been situated and studied in 
environments where the work has a certain level of repetition; there is much less 
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knowledge of continuous improvement where the primary processes of an 
organisation are achieved by the means of projects.  
 
Weaver and Parker (2002) explain that regular inspections by the Audit Commission 
to ensure that best value is being achieved, with a star rating awarded for 
performance.  If councils do not demonstrate best value, they could be forced to 
switch control of their services to other providers (Weaver and Parker, 2002).  
Although this is a press statement, it provides some evidence of statements made in 
the same newspaper a few days previously, regarding a review of the Best Value 
legislation, in which it was said that the reasons for the review was to address the 
perception that best value is a charter for privatising local services, and that the 
process is too heavy handed, expensive and bureaucratic (Society Guardian, 2002).  
There is little to suggest that there is any opposition to the principles of best value, 
although these comments demonstrate there is some criticism of the reasons behind 
introducing the legislation, and the process for implementing it.  However, the 
changes to the legislation following the review consisted only of changing the 
publication date of Best Value Performance Plans, and removing the requirement to 
review all functions of the best value authority within a five-year period (I&DeA, 
2006). 
 
The Best Value legislation has replaced the use of Compulsory Competitive 
Tendering (CCT) for local authority works, which were put in place in 1989 to 
encourage market mechanisms to apply to the supply of public services (Langford et 
al, 2003, p59).  CCT embodied the definition of value as cost, so that lowest tender 
was sought to award contracts, this being considered the best delivery of value.  
However, best value demands value to be evaluated beyond cost, with clear and 
justifiable definitions of value required for appropriate decisions to be made in 
contractor selection.  
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2.4.2 BEST VALUE APPLIED TO THE HA 
Although the duty of Best Value only applies to road and transport services delivered 
by local authorities, the Highways Agency in England is applying similar principles 
and priorities.  The Agency’s actions in achieving best value focus on assessing a 
project’s cost over the whole life of the investment, developing improved procurement 
guidance and new forms of contract to speed up the procurement process, and 
reviewing the value of design features as projects are prepared (Highways Agency, 
2006a).  Best value is defined by the Agency as “the delivery of business objectives 
at the lowest affordable cost while achieving continuous improvement” with the four 
key components of best value being effectiveness, efficiency, and economy 
underpinned by the demonstration of continual improvement (Highways Agency, 
2006b).  This is closely aligned to the interpretation of best value discussed 
previously.  The Agency’s corporate plan and vision, called “Customers First” sets 
out the aims of the Agency to become a customer-focused organisation.  This 
includes actions to consult with local communities to gain a greater understanding 
and responsiveness to the needs of customers and stakeholders, achieve continuous 
improvement in the delivery of front line services, identify opportunities for improved 
collaboration and more efficient delivery of best value solutions and services, and 
drive down cost and speed up delivery.  From these actions, it is understood the 
Agency identifies understanding customer expectations, continuous improvement, 
collaboration and efficiency as the way to deliver best value.  Value which lies in 
understanding the needs of its customers are addressed through the Highways 
Agency’s VM process. 
2.4.3 HA PROCUREMENT METHODS 
In responding to the reports into the performance of the construction industry in the 
1990s and in line with their procurement strategy, the HA divided their work into four 
categories for procurement purposes as shown in Table 2.2 (Highways Agency, 
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2001). From the late 1990s, the HA began to use the New Engineering Contract 
(NEC) on all works contracts, with new contracts awarded on the basis of quality and 
price. Project partnering arrangements were adopted on many contracts within the 
regional and major projects categories, and framework contracts have been used 
where it is considered there is an adequate workload of a consistent and continuous 
nature.   
 Maintenance contracts Regional 
projects 
Major 
projects 
 < £250,000 < 
£500,000 
< £5 million > £5 
million 
MA and TMC      
MAC      
eMAC      
Construction Management     
Single point frameworks     
Design and build     
Early design and build     
Private finance initiative 
(PFI) 
    
Table  2-2: General indication of division and responsibility of HA work (for procurement 
purposes). 
 
When the agency areas were first opened to the private sector, separate managing 
agents (MA) and term maintenance contractors (TMC) were contracted to provide 
maintenance services. In 2001, a new form of maintenance contract was introduced 
by the HA in the form of the Managing Agent Contractor (MAC) contract, which 
achieves a single-point responsibility, a form of prime contract which is favoured by 
the Office of Government Commerce (Highways Agency, 2001). MAC contracts are 
currently in effect in eight agency areas, with the original intention being that all areas 
would be managed under this arrangement. However, the HA’s procurement strategy 
is evolving, and the first enhanced MAC, or eMAC, was awarded in December 2004, 
which allows the eMAC to carry out work up to a value of £5 million including regional 
projects as well as maintenance. More recently, a consultation paper has been 
released for comments on a new form of contract: the PFMAC, which aims to 
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combine the flexibility and partnership ethos of the MAC with the whole life and single 
supplier approach of the DBFO. It is intended the PFMAC will be structured around 
the delivery of ongoing maintenance and operation services on the network, rather 
than a specific construction scheme (Highways Agency, 2003).   
 
The procurement strategy aims to provide a consistent approach to procurement 
throughout the HA. It looks to long-term partnering and better awareness of its supply 
chain to address the adversarial culture that had previously existed, and it aims to 
focus on quality through the selection criteria of its suppliers, allocation of risk and 
reward, and performance monitoring. The strategy is seen to be a success with the 
“MAC model” now being adopted by local authorities (Highways Agency, 2005). 
2.4.3.1 Construction Management 
To further promote integration and gain an understanding of the issues affecting the 
supply chain in its delivery of best value, the HA considered using Construction 
Management (CM) in renewal and improvement schemes. CM operates on the bases 
that the client has direct contractual relationships with each of its works contractors, 
and a separate contract exists with a construction manager. The construction 
manager is paid professional fees to act as the client’s agent in co-ordinating and 
supervising the project (Construction Management Forum, 1991; Murdoch and 
Hughes, 2000; Highways Agency, 2001; Oyegoke, 2001). Tate (2003) produced a 
matrix for principal standard forms of contract where the JCT CM contract allows a 
high degree of client involvement, flexibility and speed, with low cost certainty and 
clarity of remedial repairs. The guide does not show a CM contract based on the 
NEC, as used by the HA.  Gray (1996) recognised that CM can bring benefits beyond 
cost competition, including flexibility and quality. He noted that it is important to select 
a competent construction manager to manage the design and construction process, 
and highlighted the trust that must exist between all parties to gain the full benefits of 
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CM.  He also noted that there is a learning process involved in using CM, and the full 
benefits are often not realised until the second or third project. However, he does not 
say whether the entire CM team is used on subsequent projects, or if the learning is 
on the part of the client.    
2.5 LEAN THINKING 
Koskela et al (2003) suggested that while ensuring the most appropriate procurement 
method is used, change in the operational processes where the end product is 
created (design, prefabrication and site) would be more effective. It is at this point 
where costs, quality, safety etc. are concretely formed, so gains from changes would 
be swift and visible. In addition, by effecting the change at the operational level, 
knowledge can be gained of what needs to be changed upstream and in the 
superstructure of procurement modes, contracts, information systems, etc. At the 
operational level, lean construction has been recognised as a tool for improving 
processes and adding value by both the HA and the CMC. Evidence of the use of 
lean in other sectors of construction have shown there are benefits to be made from 
applying lean principles from the manufacturing industry to construction. 
2.5.1 LEAN PRODUCTION – LEAN CONSTRUCTION 
Lean Production was coined by Womack et al fifteen years ago to describe Engineer 
Ohno’s ideas towards eliminating waste in the tradition of the Toyota production 
system, but taking the principles used to satisfy high demand for a standard product, 
and applying them to build cars to customer order (Howell, 1999). Ohno developed a 
simple set of objectives for the design of the production system: produce a car to the 
customer’s specific requirement, deliver it instantly and maintain no inventories or 
intermediate stores. The Five principles for lean production, as listed below, were 
then adopted for manufacturing in general; this theoretical foundation was termed 
lean thinking (Bertelsen and Koskela, 2004). 
1. Precisely specify value by specific product. 
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2. Identify value stream for each product. 
3. Make value flow without interruptions. 
4. Let the customer pull value from the producer. 
5. Pursue perfection. 
Thus the guiding principle is the optimisation of the flow of value towards the 
customer. Bertelsen and Koskela (2004) go on to point out that construction is a 
turbulent kind of production which can be generally defined as: “Construction is a 
complex production of a one-of-a-kind product undertaken mainly at the delivery 
point by cooperation within a multi-skilled ad-hoc team”. 
2.5.2 LEAN PROJECT DELIVERY SYSTEM (LPDS) 
Ballard and Howell (2003) developed the lean project delivery system (LPDS) model 
from a fusion of theoretical insights, methods from other industries and participative 
action research.   The LPDS identifies that traditionally, projects have been 
understood in terms of phases: predesign, design, procurement and installation, 
while lean project delivery redefines these phases as project definition, lean design, 
lean supply, lean assembly and use.  The LPDS demands that representatives of 
every stage in the life cycle of the project are involved in the initial project definition 
stage which includes customer and stakeholder purposes and values, design 
concepts and design criteria. Lean design follows, but differs to traditional practice in 
that decisions are systematically deferred until the last responsible moment in order 
to allow more time for developing and exploring alternatives. Limits are defined for a 
set of alternatives under consideration, allowing interdependent specialists to move 
forward, however, since decisions are made within the lead time for realising the 
preferred alternative, it is important in lean construction to redesign supply networks 
to allow reduction in their lead times. Lean supply applies to detailed engineering, 
fabrication and delivery, and includes such initiatives as reducing the lead time for 
information and materials. Lean assembly begins with the delivery of materials and 
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relevant information for their installation, and ends when the client has beneficial use 
of the facility. 
2.5.3 THE LAST PLANNER SYSTEM OF PRODUCTION CONTROL 
The Last Planner SystemTM created by Ballard (2000) attempts to proactively control 
production by shifting the focus of control from the workers to the flow of work that 
links them together, through providing a philosophy, rule and procedures, and a set 
of tools that facilitate the implementation of those procedures. Figure 2.3 shows the 
Last Planner SystemTM process. 
 
The primary rules are described by Ballard as follows. 
1. Drop activities from the project schedule into a 6-week (typical) look-ahead 
window, screen for constraints and advance only if constraints can be 
removed in time. 
2. Try to make only quality assignments.  Require that defective assignments be 
rejected.   
3. Track the percentage of assignments completed each plan period (percent 
plan complete PPC) and act on reasons for plan failure. 
 
Figure  2-3: Last Planner SystemTM (Ballard, 2000) 
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2.5.4 CONSTRUCTION LEAN IMPROVEMENT PROGRAMME (CLIP) 
The construction lean improvement programme (CLIP) was sponsored by the 
Department for Trade and Industry to take the theoretical principles of lean 
construction and turn it into a practical tool that they can effectively implement (BRE, 
2003). In particular, CLIP focuses on the 7Ws – seven wastes that can never be 
added value: motion, waiting, defects, transport, overproduction, unnecessary 
inventory and inappropriate work or process; and the 5Cs – the foundations for 
continuous improvement: clear out (separate the essential from the non-essential), 
configure (a place for everything and everything in its place), clean and check 
(assess the current condition of the environment), conformity (ensure standard is 
easily maintained), and custom and practice (ensure everyone follows the rules). 
Some of the processes adopted by companies that participated in CLIP included: 
• Assembling the process team to include key people at various levels within 
the project team who would be committed to the pilot project. 
• Using work observation techniques to review how effective site processes 
were, identifying delays and disruptions, or defects, and using team 
brainstorming sessions to identify and then countermeasure the “root cause” 
of the issues. 
• Using a priority matrix to help define which processes would yield the greatest 
benefits through improvement. 
• Collecting data on delays and disruptions, recorded on a log sheet by the Site 
Foreman. 
• Production of visual charts to plan future activities and set targets, and link 
information flows. 
• Establishing a site-based quality control scheme, measuring occurrence of 
defects and seeking diagnosis of problems. 
• Displaying KPIs on a central visual planning board, and reviewing results 
regularly. 
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Reported results showed improvements in production of around 15%, with the 
highest figure being 40%.    
2.5.5 BARRIERS TO LEAN CONSTRUCTION 
Ballard (1998) identified that while product and process design can be standardised 
for standard products, standardisation of the planning and programme control 
functions is necessary for non-standard products. This is often prevented by 
fragmentation in the construction industry; this can be overcome through trust 
between parties to improve systems, rather than simply defending individual 
interests. In a study by Alarcon and Diethelm (2001) of seven Chilean construction 
companies introducing lean practices into their organisations, the following lessons 
learned were outlined: 
• Signals from upper management are very important for motivation and 
commitment of other levels of the organisation. 
• Commitment from site/office managers is a must for a successful 
implementation. 
• Early constitution of an improvement committee, in charge of implementation, 
is very important. 
• Leadership is relevant to ensure success of the process. 
Here there is an opportunity to identify practices to overcome these barriers, and it is 
suggested that this may be confronted through the use of established frameworks 
where trust and the ethos of partnering and collaboration is present. 
2.6 OVERVIEW OF THE LITERATURE 
Literature published by industry and government in large advocates the concepts of 
best value, partnering and lean construction. However, Green (2003) argues that it is 
the responsibility of academics to challenge these taken-for-granted assumptions. He 
refers to the term “re-engineering” as rhetoric that covers a range of “allegedly ‘new’ 
management ideas such as preassembly, lean construction, supply chain 
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management and partnering” (Green, 2003, p98) but which is in fact perpetuating the 
problems it seeks to solve by casualising the workforce, and allowing private sector 
firms to secure competitive advantage at the expense of employment conditions and 
rights, particularly through advocating labour-only subcontracting, without due 
attention to bogus self-employed workers (Green, 2003).  
 
Green (2002) also points to the fact that the task force led by Egan from which 
findings were published in his report “Rethinking Construction” (1998) comprised 
employees/representatives of client organisations, and partnering is perceived by 
some as simply a crude exercise in buying power, in which suppliers must buy into 
the partnering culture or risk alienation from the significant portion of the UK market 
that embraces partnering (Green, 2002).  
 
Green (2003) accuses advocates of “re-engineering” (in his rhetorical definition) of 
ignoring the lack of supporting empirical evidence and to reject critical work on the 
basis that it is one-side, while failing to criticise the single-sided nature of their own 
view. In particular, Green (2003) notes that lean production is based on Japanese 
management practices but fails to take into account the special features of that 
society in applying the same methods to other countries and other industries. It is 
also noted that the extensive literature that aligns lean methods with regressive 
human resources management is ignored (Green, 2003).   
 
Jorgenson and Emmett (2008) carried out a review of research literature surrounding 
lean construction, including peer-reviewed journals, doctoral theses, research 
reports, frequently cited popular lean management books, and a small number of 
papers published in conference proceedings, with a focus on the transferability of 
lean production theory to construction. The research found that in considering lean 
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production: much research of lean production has been very critical of the claim that 
lean production is generally superior to all other systems or approaches; a number of 
negative side effects of lean production have been documented (including: 
employees who work very hard and under stressful conditions; inferior rights; and 
increased pollution due to small but frequent just-in-time deliveries); contrary to 
common claims, the lean production model described by Womack et al (1990) has 
never been the sole dominant production method of the Japanese industry; the 
importance of context has been widely ignored (Jorgenson and Emmett, 2008). 
When looking at the transfer of lean from production to construction, some points 
were raised by Jorgenson and Emmett (2008) to encourage critical debate, including: 
a lack of commonly used definitions, making it difficult to establish exactly what lean 
construction means; difficulty in assimilating lean construction to lean manufacturing, 
questioning whether it is an extension or a diversion from the production concepts; 
and an absence of lean construction in peer-reviewed journals, despite heavy 
promotion in the professional press and national and global lean construction 
networks, with little critical literature.  
 
Of the two opposing sides to the true benefits of partnering and collaborative 
partnerships, and lean construction, it would seem there is a desire by industry and 
some academics to believe in a panacea to the problems facing the construction 
industry today without indulging in any critical debate. The research covered by this 
thesis examines a “re-structured” model, as Green would term it, and looks to provide 
documented evidence, both positive and negative, of the implications and results of 
this model. 
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3 RESEARCH METHODOLOGY 
3.1 INTRODUCTION 
This chapter briefly reviews the research approaches available and assesses the 
suitability of those with regard to the research. Fellows and Liu (2008) point out that it 
can be common for small research projects to be carried out without fully considering 
the approaches that may be adopted, but such lack of awareness may mean that the 
work could have been done more easily, or could have achieved more. The chosen 
methodologies for the research are discussed in this chapter, with the research 
methods related to the specific aim and objectives of the research.   
3.2 APPROACHES TO RESEARCH METHODOLOGY 
Research methodology refers to the principles of the methods used to carry out the 
research, while methods are the techniques available (for data collection, analysis, 
etc.) (Fellows and Liu, 2008). Methodology can be described as the approach which 
addresses the research process, ie: 
1. defining of the problem; 
2. stating the problem and interpreting in light of accumulated theory and 
knowledge; 
3. formulating the hypothesis; 
4. empirical testing of the hypothesis to produce findings to add to or modify the 
existing body of knowledge. 
 
Remenyi et al (1998) state that researchers must consider the research community 
to which they belong; and the epistemological, ethical and ontological assumptions of 
their research. Ontology questions existence apart from specific objects and events 
(the study of the nature of being and existence); epistemology concerns the origins, 
 Research methodology  
 35 
nature, methods and limits of human knowledge (the study of knowledge) (Coghlan 
and Brannick, 2005; Fellows and Liu, 2008).  
 
There are two main methodologies, or research communities, that dominate the 
study of construction management: the positivist approach, and the interpretivist 
approach (Love et al, 2002). The interpretivist approach is also sometimes referred to 
as the hermeneutic, phenomenology, constructivist, postmodern interpretivism 
relativist approach (Coghlan and Brannick, 2005).  
 
The positivist approach is defined primarily by the view that “an external reality exists 
and that an independent value-free research can examine this reality” (Coghlan and 
Brannick, 2005). The approach is devoted to pursuing explanations, which take the 
form of general laws, validated by logic, measurement and consistency of predictions 
and control; here the research is neutral and detached from their setting (Coghlan 
and Brannick, 2005; Holt et al, 2002).  
 
The interpretivist approach argues that the researcher is an integral part of the 
research process; specific observations from data collected (not necessarily in 
quantitative form) can be used to suggest generalisations which may lead to 
discovery of a lawful relationship if repeatedly tested and confirmed (Coghlan and 
Brannick, 2005; Holt et al, 2002). Interpretivist analysis examines the way physical 
events are perceived and experienced rather than focusing upon the events 
themselves (Fellows and Liu, 2008).  
 
Coghlan and Brannick (2005) suggest a third approach identified by Johnson and 
Duberley (2000): critical realism, which incorporates pragmatic critical realism and 
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aligns with action research.  This approach adopts a subjectivist epistemology similar 
to interpretivists, but an objectivist ontology like the positivists (Coghlan and 
Brannick, 2005). This is also described by Fellows and Liu (2008) in their account of 
Weber (1978) that persuasive interpretation is necessary but not sufficient, as 
interpretation cannot be causally valid, despite best attempts to attain clarity and 
certainty; both interpretation and scientific verification are essential, and the use of 
both quantitative and qualitative methods should be considered in order to pursue 
explanations for both the cause and the meaning of findings. 
 
Reflexivity is used to describe the reflective thinking about what the researcher is 
doing, calling on the researcher to investigate the interaction between the research 
subject and the theoretical, cultural and political context, and intellectual involvement, 
of the researcher (Coghlan and Brannick, 2005). Johnson and Duberley (2000) 
subdivide reflexivity into: epistemic, focusing on the researcher’s belief system, and 
analysis of the researcher’s own assumptions; methodological reflexivity, monitoring 
of the researcher’s own behavioural impact on the research setting; and hyper-
reflexivity, reflective deconstruction of the researcher’s own practice (Coghlan and 
Brannick, 2005). Table 3.1, adapted from Coghlan and Brannick (2005) shows a brief 
overview of the three approaches described, comparing the ontological and 
epistemological foundations and reflexivity approach of each. 
Philosophical 
foundations 
Positivism Interpretivism Critical realism and 
action research 
Ontology 
Epistemology 
Theory 
Reflexivity 
Role of researcher 
Objective 
Objective 
Generalised 
Methodological 
Distanced from data 
Subjective 
Subjective 
Particular 
Hyper 
Close to data 
Objective 
Subjective 
Particular 
Epistemic 
Close to data 
Table  3-1: Research paradigms (adapted from Coghlan and Brannick, 2005) 
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3.3 AVAILABLE RESEARCH METHODS 
To determine the research method, the context in which the research was 
undertaken had to be considered. The sponsoring company was one of the 
Construction Managers in the CMF. This enabled direct access for the researcher to 
the various parties involved in the framework, however, there was a need to be 
aware of bias as a result of this relationship, and any research method chosen would 
need to take account of this. The research methods chosen had to collect information 
that would provide systematic and reliable evidence; as Radford and Goldstein 
(2002) identified, information from research methods can: 
• articulate and support knowledge claims using a systematic method; 
• posit an appropriate research question or problem; 
• include a thorough and systematic review of existing research; 
• use the information and conclusions from the literature review to pose an 
appropriate hypothesis;  
• test hypotheses against real world experience by collecting data with 
appropriate levels of reliability and validity; and, 
• present conclusions using appropriate statistical tests to separate results from 
error or chance. 
The following basic methods for data collection were considered (Dainty, 2006): 
• questionnaires and surveys; 
• interviews; 
• document analysis; 
• observation; 
• case studies; 
• longitudinal data; 
• cross-sectional; and 
• action research. 
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The advantages and disadvantages of some of these methods are discussed by 
McNamara (1999). Information can be collected from a large number of people using 
questionnaires and surveys. This is non-threatening to the respondent, who may 
remain anonymous, and it can produce results that are easy to compare and 
analyse. There is an added advantage in that questionnaires and surveys cost 
relatively little to administer. However, questionnaires are impersonal and may be 
subject to bias through the wording of the questions that are posed. In addition, 
respondents are not always given the opportunity to expand on answers, and the 
responses are not always given carefully.  
 
Interviews may be used to overcome some of the difficulties with questionnaires and 
surveys. They allow a more in-depth discussion, with the opportunity for the 
respondent to seek clarification of the questions asked, and to expand on their own 
responses. This does, however, open up the possibility for the interviewer to bias the 
responses. In addition, interviews take time; there is usually a greater focus on a 
smaller number of people, and responses can be difficult to analyse and compare.  
Document analysis may be used to gain an understanding of an operation, without 
interrupting the programme. Observation is used to gather information about the 
operation of an activity in practice, and it is possible to influence the outcomes of the 
activity if this is the intention of the research (McNamara, 1999).  
 
Fellows and Liu (2008) state that case studies rely on in-depth data collection and 
investigation of particular instances within the research domain, which may be 
selected on the basis that they are representative so that particular facets of the 
topic, or the spectrum of alternatives, may be demonstrated (p23). A variety of data 
collection methods may be combined in case study research, for example interview 
data may be coupled with documentary evidence, or several cases may be studied 
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using methods such as action research, interviews and observation (Fellows and Liu, 
2008).   
 
Longitudinal or cross-sectional methods of research provide points of reference to 
compare results either across time or across projects. Action research can be used if 
it is important to explore and fully understand the experiences of the research 
participants; as in observation, there is the option of influencing the outcomes. These 
methods are more concerned with depth than breadth, and while they can provide an 
in-depth understanding of the situation, it can be difficult to collect, organise and 
describe findings (McNamara, 1999). 
 
Action research involves collaboration between the researcher and the members of 
the system which is being studied to actively participate in the cyclical process of 
planning, taking action and evaluating the action (Coghlan and Brannick, 2005). The 
action research cycle means that participants in the system are involved in data 
collection about themselves, and then once the data has been generated, it is 
reviewed in order that some form of remedial or developmental action is taken. 
There are two main approaches to data collection: quantitative and qualitative. A 
quantitative approach seeks to gather factual data, with scientific techniques used to 
obtain measurements, or quantified data, and analyses of the data yielding quantified 
results and conclusions (Fellows and Liu, 2008). A qualitative approach looks to gain 
insights and understanding of people’s perceptions, either as individuals or groups; 
the data may be unstructured but detailed, and allows greater depth of content and 
scope. However, this sometimes leads to the objectivity of the collected data to be 
questioned, and analysis can be more difficult than with quantitative data, with the 
researcher likely to be actively involved in all stages of the work (Fellows and Liu, 
2008, p27). 
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3.4 ADOPTED METHODOLOGY AND METHODS 
The chosen methodology for the research had to align to the objectives set out, 
which were determined to some extent by the sponsoring company, in that the 
research had to “make a significant contribution to the performance of the company” 
(Centre for Innovative and Collaborative Engineering, 2003). Thus, a critical realism 
approach was adopted, with a research design that was essentially positivist in 
nature but interpretivist in manner. It would be difficult for the research to take a 
purely positivistic approach to the research, as the researcher was not independent 
of the research matter, and there was an awareness that the researcher would both 
affect and be affected by the research subject. In studying knowledge in action, the 
focus of the research being in operation, the researcher would be involved in action 
research, with the researcher immersed in the research setting (Coghlan and 
Brannick, 2005).  
 
There are two objectives of the research: to assess the delivery of best value in 
highways renewals and improvements schemes using construction management, in 
particular through the establishment of a framework community; and to demonstrate 
how lean thinking can be used to provide continuous improvement within the 
framework community arrangement. Action research was required to achieve these 
goals, while other methods were required to gain the understanding and knowledge 
to reach this stage (see Table 3.2). Multiple data sources were used to provide 
contradictory and confirming interpretations, which ensure robustness of the 
research. 
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Table  3-2: Chosen research method for achieving set objectives 
Objective Subset of objectives Research Method 
1 Define the aims of the construction 
management community (CMC). 
1 Define best value in terms of highways 
construction. 
2 Define lean construction in the context of the 
CMF. 
 
Literature review; 
document analysis 
1 Determine an agenda for measurement of 
best value and continuous improvement. 
1 Assess the performance of the CMF.  
2 Assess the success of the lean construction 
trial undertaken by the CMF. 
Questionnaires; 
interviews; longitudinal 
and cross-sectional 
data; case studies 
1 Provide recommendations and implement 
actions for improving the performance of the 
CMC. 
1 Provide recommendations for improving 
future CMF contracts. 
1 Recommend improvements to the way lean 
thinking is applied within the CMF. 
2 Implement successful lean processes as best 
practice in the CMF. 
Action research 
Notes:  
Objective 1. To assess the delivery of best value in highways renewals and improvements 
schemes using construction management, in particular through the establishment of a framework 
community. 
 
Objective 2. To demonstrate how lean thinking can be used to provide continuous improvement 
within the framework community arrangement. 
 
3.4.1 LITERATURE REVIEWS / DOCUMENT ANALYSIS 
The literature reviews undertaken concentrated primarily on three areas. The first 
was a review of Highways Agency documentation, including: publications aimed at 
the public; business strategies; other strategic reports and documents; and 
memos/directives for their supply chain. The second was a review of documentation 
produced by the CMF. This included: annual reports; business plans; published 
processes and procedures; and entry submissions for awards. Finally, a review of 
current theory and practice published by government bodies, and academic papers 
and books was undertaken. This enabled an understanding of the requirements of 
the CMF, from its client, itself and within the wider industry. 
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3.4.2 QUESTIONNAIRES 
The researcher was involved in the CMF prior to the EngD, and had an opinion 
regarding the research aim and objectives that were gained from experience with 
working in the framework and hearsay and conjecture from others. Therefore, to 
substantiate claims and avoid generalisation of findings, a questionnaire was 
employed to gain an objective understanding of the general situation. It was thought 
questionnaires would be a starting point for the research, to collect responses and 
gain an overall picture of the general perception of the framework parties. The 
questionnaire contained both open and closed questions. The closed questions 
provided a basis for gathering data from various parties involved in the framework 
that would allow summations to be made on the views and perceptions of each party. 
The open questions would offer the opportunity for respondents to give reasons for 
the quantitative data given, and allow expansion on topics from which themes could 
be drawn.   
3.4.3 INTERVIEWS 
Interviews were used to gather in-depth information from members of various 
organisations with direct duties and responsibilities working on a particular project 
using the CMF. The interviews were held on completion of the project, when 
quantitative results were available and had been analysed. The interviews were 
semi-structured and sought to gain an understanding of what contributed to the 
results to identify best practice, and pitfalls to avoid in future. The researcher had 
been involved in the project, and so again, care needed to be taken to avoid leading 
the interviewees, and to avoid promoting preconceptions.  
3.4.4 LONGITUDINAL AND CROSS-SECTIONAL DATA, AND CASE 
STUDIES 
Since the establishment of the CMF in 2002, various completed projects had 
produced quantitative data that the researcher had direct access to. This allowed 
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information to be drawn from case studies, and further, schemes of a similar nature 
with the same project team lent themselves to longitudinal data collection to compare 
performance over time. Cross-sectional data could also be used to compare different 
projects, to examine the effectiveness of knowledge transfer, and to assess individual 
company performance in the CMF across a range of schemes. 
3.4.5 ACTION RESEARCH 
The researcher’s employment by a construction manager of the CMF allowed direct 
access to the framework participants and involvement in CMF projects, which 
enabled action research to be undertaken by the researcher. However, the possibility 
existed that the researcher’s own assumptions and interpretations would override the 
evidence provided, so as much as possible, quantitative evidence was used and both 
questionnaires and interview questions were structured to avoid introducing bias to 
respondent’s answers. 
3.4.6 TRIANGULATED STUDIES 
Triangulated studies employ two or more research techniques, with both quantitative 
and qualitative approaches used to complement the strengths and weaknesses of 
each individual approach (Fellows and Liu, 2008). The methodologies chosen in this 
research were intended to provide a multi-dimensional view of the subject by using 
triangulation within individual parts of the research (eg using different methodologies 
to explore specific objectives) to enhance the internal validity and reliability of the 
research; and using triangulation within the entire study (using different 
methodologies to support the aim of the research) to enhance the external validity of 
the research (Fellows and Liu, 2008).  
3.5 SUMMARY 
This chapter has set out and discussed the research methods available for the 
research project, and shown the chosen methods as they relate to the specific 
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objectives of the research, providing brief details of why the methods were chosen 
and how they were used. 
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4 RESEARCH UNDERTAKEN 
4.1 INTRODUCTION 
Working with the sponsoring company, the Research Engineer was directly involved 
in four CMF schemes during the research period. As well as providing case study 
material for the research, the schemes provided the research engineer with the 
knowledge of the CMF processes and procedures so that recommendations for how 
these could be improved could be presented, and in some cases implemented. This 
section describes the research undertaken to meet the aims and objectives of the 
EngD, with references made to the papers produced and other appendices.  The 
research development process that was undertaken is shown in Figure 4.1. A 
literature review was undertaken to set the research, and full details of this are 
discussed in Chapter 2. The first paper produced for the EngD is also based on the 
literature review, and is contained in Appendix A. The research then concentrated on 
four main activities: best value questionnaire to gain an understanding of what is 
meant by best value; case study comparison to identify development of CMF over 
time and impact on performance; lean pilot study to test lean construction in CMF; 
and case study review and overview of research to provide recommendations for 
future development. 
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Figure  4-1: The Research Development Process 
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4.2 BEST VALUE QUESTIONNAIRE 
To understand how best value can be achieved and therefore establish a measurement 
agenda for measuring performance, a questionnaire was developed, specifically aimed at 
members of the CMC. The questionnaire and analysis of responses is discussed in Paper 3, 
Appendix C. 
4.2.1 THE RESEARCH QUESTIONNAIRE 
The research questionnaire comprised four sections (see Appendix F): 
• Section A: The Respondent Background Information; 
• Section B: Measuring Best Value; 
• Section C: Performance; and 
• Section D: Working in the CMF. 
The purpose of the first section of the questionnaire, the respondent background information, 
was to gather general information about the respondent. The questions asked which area the 
respondent worked in, Area 9 or Area 10 or both, with the intention that results could be 
divided to investigate whether the fact that the areas operate separately with different parties 
involved would have an influence on the responses given. Respondents were asked to 
define what role their organisation had in the framework, so that responses could be divided 
between client, specialist framework contractor, construction manager and supply chain 
partner.  The previous experience of respondents in construction management was 
questioned, as well as the number of projects they had been involved in with the framework 
and time spent on non-project specific framework activities. These questions were asked to 
determine the relative knowledge of respondents of the activities of the framework.  
 
Section B of the questionnaire: measuring best value, asked the respondent to define best 
value. This open question was used to allow responses that were unbiased by suggesting 
alternatives of best value, and to identify the most important elements of best value to the 
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respondents. This was followed by a list of requirements for best value, from which 
respondents were asked to rank the three most important requirements for delivering best 
value to the client. Together, these two questions would be used to identify what people 
understood by best value, and if this differed to what they thought the client expected in 
terms of best value.  
 
There are four different parties that form the CMF: the client, construction managers, 
specialist framework contractors and supply chain partners. Respondents were asked to 
what extent each party influenced, or had an effect on the delivery of best value. If analysis 
of the answers to this question found one party had a significantly greater effect than the 
other parties, then focus could be given to that parties’ response to the requirements and 
measurement of best value.  
 
This section then moved on to the current measurement of performance in the CMF. The 
input goals (those goals that are required to be in place to ensure good performance) and the 
output goals (those goals based on actual performance and outcomes, measured as key 
performance indicators) were listed, and respondents were asked to rank each goal in terms 
of their relevance to achieving best value. Comments were invited of further goals that 
should be measured, or goals that could be excluded from the measurement. These results 
would show which goals were seen as important in measuring best value, and hence this 
result could be compared to the definitions of best value given earlier. In addition, goals that 
were not seen as relevant, and that had been pointed to for exclusion, could be given lesser 
importance in a revised agenda for measurement. 
 
Similarly, the final two questions in this section asked the appropriateness of the current 
output goal measures, as well as the annual company performance reviews on each 
individual company within the framework. Measures on input goals do not currently exist 
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within the CMF, because of the difficulty with measuring the input that is given, these being 
“soft” goals. The output goals are measured as key performance indicators, however, it has 
been noted by some members of the framework that the measures are not robust. It was 
intended that this opinion would be either substantiated or disproved by asking respondents 
to rate the appropriateness of the current output measures, with respondents giving an 
indication of which measures are seen to satisfactorily measure the output goals, and which 
measures require improvement. Using these findings, with the analysis of which goals are 
most important in achieving best value, focus could be given to those goals that are seen as 
most important, but are not currently appropriately reflected with the current measures. 
 
The section on performance questioned what the perception was of the current performance 
of the framework generally in achieving the input and output goals, on a scale of 1 to 10. It 
was considered that some measure of the “soft” input goals could be gained by asking 
respondents their opinion, while the rating of the performance of output goals could be 
compared to the key performance indicators collected on projects undertaken by the CMF. 
This would enable a comparison to be made of the perception of performance, to the reality 
of the current measures.  
 
This section was also used to identify what form of procurement best suited the achievement 
of the output goals, as well as the four different categories of work procured by the Highways 
Agency (maintenance, renewals and improvements, sensitive locations and short term 
contracts). The forms of procurement were listed as construction management, traditional 
(bid and build), prime (e.g. design and build), management contracting or PFI, with the option 
for the respondent to specify any other procurement route. From this, it could be seen where 
construction management was seen to be successful in delivering the output goals, and 
where it was seen to be less successful. Particular attention could be given to the output 
goals seen to be most important in delivering best value. If construction management was 
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not identified as the form of procurement best suited to delivering those goals, further study 
could explore why and if the framework could be readjusted so that it is capable of being the 
best suited form of procurement for delivering those goals. Construction management is 
currently used to deliver renewals and improvements projects; however by asking the 
question which form of procurement is best suited to delivering the other categories of 
Highways Agency work, it may be identified that the framework could be extended to these 
other areas. 
 
The final section of the questionnaire aimed to gain an understanding of the experiences of 
the respondents in working in the CMF. It asked how important and how easy it was for the 
respondent to establish a good relationship with the various parties involved in the 
framework, to identify where relationships were strongest, and where greater effort was 
required in building good relationships.  
 
It also asked respondents to identify what they perceived the benefits to be in joining the 
framework prior to the start of the contract, and what they have been in reality. It was 
considered this would give an indication of the satisfaction with the benefits that working in 
the framework is currently delivering, and identify areas for improvement. Respondents were 
given the opportunity to expand on this theme, with open questions asking of other benefits 
in theory and in practice, and any disadvantages of working in the framework. 
 
Finally, respondents were asked what the future potential is for construction management in 
highways construction. This was asked as an open question, so that themes from the 
responses given could be identified. It was hoped a general idea of the perceptions of how 
construction management can be used in future would be uncovered, with possible 
quotations to corroborate the interpretation made from the responses. 
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4.2.2 THE RESEARCH SAMPLE 
A pilot questionnaire was sent to six members of the CMF. These were the Framework 
Navigator, the Community Manager and the chairpersons of the Construction Management 
Board, the Culture Group, the Process Group and the Measurement Group. The 
questionnaire paper was sent with a proforma for evaluating the questionnaire, on which it 
was asked if the question was clear and appropriate, if the format was appropriate and any 
other questions. Two evaluations were received back, with minor comments from which the 
questionnaire was revised to include a question relating to the appropriateness of the current 
measures.  
 
The questionnaire was sent to 50 representatives from the CMF with a questionnaire sent to 
at least one representative from each group within the framework (client, construction 
manager, specialist framework contractor and supply chain partner). Questionnaires were 
sent to the client representative in both Area 9 and in Area 10, and every construction 
manager and specialist framework contractor company was targeted so that full framework 
representation was gained. Questionnaires were sent to five supply chain partners; this was 
limited to the supply chain most frequently used by the specialist framework contractors.   
 
The questionnaires were sent to high level management staff from each company, including 
Area Directors, Managing Directors and Framework Managers. It was considered this was 
the level with the most influence over the delivery of best value, with some recipients of the 
questionnaire holding membership in the off-line groups that provide guidance for the 
operation of the framework. Intended recipients of the questionnaire were first approached by 
an email by the Construction Manager of Area 9, who introduced the researcher as carrying 
out the research for the Engineering Doctorate with the intention that the findings would be 
used to provide recommendations for the CMF. The researcher then approached each 
intended recipient with a telephone call, followed by sending the questionnaire by post. In 
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using this approach, it was hoped support would be gained for the research, and a high 
response rate would be achieved. In addition, it was thought that using this approach would 
partially remove restriction on the length of the questionnaire, through gaining support from 
respondents, and allowing broader coverage of issues. 
 
The response rate for the questionnaires is shown in Table 4.1. A particularly high rate of 
response was achieved from the Client and Specialist Framework Contractors (excluding the 
Community Manager of which there is one). In the case of the Client and Specialist 
Framework Contractors, both response rates were a higher percentage of the total 
responses (10% and 73% respectively), compared to the percentage of questionnaires 
issued to those groups (6% and 72%). A low rate of response was given by the Supply Chain 
Partner. It can be inferred from this that there was less interest on the part of the Supply 
Chain Partner in supporting the research. A reason for this could be a lower level of 
involvement of this group in the framework, particularly in the values and culture espoused 
by the framework community. In general however, the response rate was seen to be good, 
and representative of the framework as a whole. 
Table  4-1: Research sample: number and rate of response by category 
Category Questionnaires 
issued 
Responses % Response 
Client 3 (6) 3 (10) 100 
Construction Manager 5 (10) 3 (10) 60 
Specialist Framework 
Contractor 
36 (72) 22 (73) 61 
Supply Chain Partner 5 (10) 1 (3) 20 
Community Manager 1 (2) 1 (3) 100 
Total 50 30 60 
Note: Figures in brackets indicate the corresponding percentage relative to total 
questionnaires issued (50=100%), or relative to total response (30=100%), as applicable to 
that column. 
4.2.3 METHOD OF ANALYSIS 
The questionnaire used a number of input techniques including tick boxes, Likert Scale, 
ranking and open ended questions. Open questions were analysed in terms of themes, with 
descriptive statistics used to provide a general overview of the results. Inferential statistics 
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were used for closed questions to compare the responses from the client with the other 
groups in the community to identify if there was a significant difference in attitudes. This 
would help to identify if perceptions of best value and the performance of the CMF were 
aligned. 
4.2.4 KEY FINDINGS AND CONCLUSIONS 
4.2.4.1 Respondent information 
The majority of respondents had either no previous experience (13 out of 30) with using 
construction management as a procurement route, or 1 to 5 years (14 out of 30). Most 
respondents (71%) had previously worked with traditional forms of procurement. All 
respondents had been involved with at least one CMF project at ECI stage; most had been 
involved with over seven projects at both ECI and construction stages. 
4.2.4.2 Defining best value 
In defining best value, cost followed by quality was mentioned in the most number of 
responses (16 and 18 responses respectively). Time and safety was also included in a 
number of responses (10 responses), followed by client/customer (7) and 
efficiency/effectiveness/economy (4). In ranking the three most important requirements to the 
client in delivering best value, the rankings given by the client did not differ significantly from 
the responses of the remaining community. However, in examining the rankings individually, 
the client perceived a solution fit for purpose / optimum solution, to be the most important 
criteria, followed by delivering within budget. This did differ to the response from the 
remaining community, who identified the latter as the most important and ranked the client’s 
favoured criteria fourth, outweighed by causing minimal disruption to the public and 
delivering on time.  
 
The client sees itself to be the least important member of the CMF in terms of its impact on 
the achievement of best value, while the remaining community sees the supply chain partner 
as having less of an influence. Agreement was achieved by both parties that the specialist 
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framework contractor, followed by the construction manager, has the highest degree of 
influence.  
4.2.4.3 Best value measurement 
In the ranking of the input and output goals in terms of their relevance to achieving best 
value, there was discrepancy between the rankings given by the client and that given by the 
remaining community. However, the two highest ranked input goals by both parties are the 
same: optimum solution and teamwork. Company performance was not seen to be a relevant 
input goal by either group. In terms of output goals, the client ranked safety as the most 
relevant goal, while the remaining community listed cost predictability and time predictability 
as the first two most relevant outputs, followed by safety.  
 
In comparing the relevance of output goals with the requirements important to the client in 
delivering best value, there is a low level of correlation between the responses give by the 
client, who ranked delivery on time the third most important requirement, but only the sixth 
most relevant output goal. If fitness for purpose / optimum solution is equated to client 
satisfaction, the discrepancy is even greater, with the former ranked first in terms of 
requirements important to the client, but the latter ranked equal last. For the remaining 
community, the consistency was greater, with agreement that delivering within budget and 
measuring cost predictability are both the most important requirement to clients, and the 
most relevant output goal. 
 
Other goals that could be included in the input goals were value management, clear brief / 
clearly identifying the problem to be addressed and agreement to measures / client 
expectations. Output goals that could be included were the effect of roadworks on congestion 
/ journey times, and quality. For exclusion, process development and pricing procedure were 
suggested for input goals, while for output goals, predictability of accruals and lean pricing 
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were highlighted. Further to this, it was thought that the current measurement of output goals 
was not appropriate for these two goals.  
 
Comparing responses to the appropriateness and the relevance of current measures, there 
is some evidence that those measures considered relevant to providing best value are not 
appropriately measured. These include cost predictability which was considered the most 
relevant goal to measuring best value, but scored low in terms of appropriateness, 
suggesting a review is needed of the way this goal is measured. The responses also 
revealed dissatisfaction with the customer satisfaction measure, which was viewed to be 
flawed and difficult to measure. With this measure ranking seventh in terms of relevance to 
delivering best value, consideration should be given to the need for this goal, before 
examining whether the goal requires adjusting to better reflect the performance of the CMF. 
There was also some agreement that the company performance measure relies on 
perception as opposed to facts, and the current system of measurement was given a score 
of 6.8 on average; this is a score that could perhaps be improved with reviewing the current 
measurement method. 
4.2.4.4 CMF Performance 
In terms of the performance of the CMF in achieving input goals, the client scored the 
community higher on every input measure, except for company performance. Comparing the 
performance of the community with the relevance of the input goals, it can be concluded that 
performance is not necessarily the best for input goals that are considered to be the most 
relevant in achieving best value, and efforts may be going towards performing in areas 
considered less relevant. This leads to a suggestion that more effort should be directed 
towards improving the performance of identifying the optimum solution at the earliest 
opportunity and integrating the supply chain, with less of a focus on the measurement goal. 
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For output goals, the client scored less than the remainder of the community on all goals; 
however, the actual KPIs recorded on CMF sites was higher than the scores awarded by the 
client or the remaining community. Comparing the performance of the output goals with their 
relevance to delivering best value, there is a low correlation between relevance and scoring, 
again implying performance of the more relevant output goals is not as good as the 
performance of less important goals. Focus should be given to improving the performance of 
cost and time predictability, with some effort directed to improving lean pricing; however, 
efforts to improving customer satisfaction and predictability of accruals would be less 
advantageous. 
4.2.4.5 Current perceptions and expectations 
Construction management is not seen to be the best procurement route in terms of achieving 
output goals by the client. In particularly, it was seen as a less effective form of procurement 
for achieving cost objectives or delivering work that is free from defects, both important 
objectives ranked by the client in terms of requirements and relevance of output goals in 
delivering best value. However, it is seen as a way of delivering to time requirements and 
predicting accruals. Construction management scored well as a procurement route suited to 
renewals and improvements schemes and projects in sensitive location by both the client 
and the remaining community; however it was seen as less suited to short-term contracts. 
 
The research questioned how important it is for the various groups in the CMF to establish 
good relationships with each other in achieving best value, and how easy it is for each group 
to form those relationships. Some differences arose; the client thinks the most important 
relationship is with the specialist framework contractors, while that group think the client is 
the least important relationship for them. The supply chain ranked the lowest with the client 
and the construction manager; the latter group gave this group the lowest score of all the 
results. The results do not correlate with the ease with which the relationships are 
established, suggesting that where establishing good relationships is thought to be most 
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important, it is not actually easy to do so; or, where good relationships are actually being 
achieved, they are not the most important to achieving best value. 
 
In most cases, the reality of working in the CMF did not meet the expectations of the 
community, particularly in the predictability of workflow and opportunities outside the 
Highways Agency. The practice did exceed expectations in two cases: improving own 
performance and creating better relationships with other contractors. For the client, there 
were instances where expectations were matched in practice, with the benefits of having a 
better relationship with contractors being greater in practice than thought in theory. However, 
expectations were not being met including innovation and ECI, both elements of the CMF 
that are promoted for demonstrating best value. The community saw a main benefit in having 
the opportunity to be industry leading, however difficulties were identified in terms of varying 
levels of commitment, lack of leadership and accountability, and the time and resources 
taken to address the “soft” issues. The unpredictability of workflow was also highlighted. 
However, the future potential for construction management as a procurement method in the 
highways construction industry showed mainly positive support, with some pointing to the 
need for improvement before full potential is realised. 
4.3 LEAN PILOT STUDY 
The project chosen for the lean pilot scheme primarily comprised: three miles of carriageway 
renewal with deep patching up to an additional 100mm to full-lane width in designated areas 
of carriageway; and structural strengthening to eight existing piers at three bridges. The 
Project Team included the Highways Agency as the client, a construction manager, and five 
specialist contractors: surfacing, general civils, traffic management, electrical and safety 
fencing, and their supply chain.  
 
The work was planned to start on site of 10th October 2005, with all traffic management (TM) 
to be removed by 22nd December 2005, and completion of non-TM works on 9th January 
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2006.  An item for inclement weather was included, so that the finish date for the programme 
was 16th January 2006. The actual start date for the work was 10th October 2005 and all TM 
was removed by 18th December 2005 with all works completed by this date, thus finishing 
ahead of schedule.  The lean pilot is described fully in Paper 2 (Appendix B). 
4.3.1 THE LEAN PROCESS 
The lean process adopted on the pilot scheme is discussed in terms of lean programming, 
the analyses and the outputs from the analyses. 
4.3.1.1 Programming 
In the construction documents, a Task Order programme was produced by the Project Team 
for the works.  This programme was used to create a “lean” programme, by reducing the 
duration of each activity by 20 per cent to account for risk built into activities.  The portion of 
time removed from each activity was then added together to form a buffer that was placed at 
the end of the programme to protect completion of the works. 
4.3.1.2 Analyses 
Analyses comprised three activities: constraints analysis, delay analysis and buffer analysis.  
Constraints analysis involved using a chart in an Excel spreadsheet to identify the 
preparation that was required to “make ready” activities planned to start in the next four 
weeks.  The preparation activities were established at the beginning of the project and 
included items such as drawings and design, method statement, temporary works and 
materials.  The analysis was undertaken as a team exercise during planning meetings using 
a chart prepared prior to the meeting which listed all activities in the next four weeks.  A 
cross was placed under corresponding items that prevented an activity from starting, and a 
person was assigned the responsibility of ensuring that the constraint was removed by a due 
date.  An activity was not deemed ready to start until there were no crosses against any of 
the preparation activities, signalling that all constraints had been removed.  
 
A study of a collaborative framework arrangement for highways renewals schemes 
60 
Prior to the weekly meeting, a two-week plan was prepared based on the programme which 
was updated weekly.  During the meeting, the two-week plan was tabled and, as a Team 
exercise, revised based on input from the appropriate specialists.  The two-week plan was 
used weekly in the delay analysis.  Information was collected by a representative on site at 
the end of each week of the activities that had been completed by the dates shown on the 
two-week plan.  If the activity had not been completed on time, a reason for the delay was 
required, from a prescriptive list defined prior to the start of works on site.   
 
Software was used to analyse penetration into the buffer as the project progressed.  
Information was collected on site of activities completed in the week, with each specialist 
identifying how many days remained on activities not completed.  The information was fed 
into the software which calculated how much of the buffer had been used, based on the 
actual duration of critical activities compared to the “lean” duration, with any overrun taken 
from the buffer.  The penetration into the buffer was represented as a percentage of the 
entire buffer duration. Protection to the buffer was also calculated.  The protection ratio was a 
calculation of the buffer that should be remaining according to the remaining duration of the 
project, and the buffer that was actually remaining.     
4.3.1.3 Outputs 
A weekly plan attainment chart showing the percentage of activities completed each week 
against the weekly plan was produced as a bar chart.  Pie charts showing causes of delay 
was also developed; one pie chart was adapted to include a category for non-completion of 
the preceding activity. A second pie chart was formulated to carry the initial cause of delay 
onto following activities that were also delayed. The first pie chart was used to illustrate the 
cause of initial delays, with delays caused to following activities attributed to a category titled 
“preceding activity not completed”. The second chart shows the effect of different causes of 
delay on following activities, so that delays to following activities were attributed to the initial 
cause of delay. 
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A buffer chart was produced from the buffer analysis information using a line graph.  The 
chart area was divided into red, yellow and green: the red signalling danger to the project 
completion date; yellow signalling the programme needed to be monitored to ensure the 
completion date was safe; and green being the completion date was safe.  A blue line was 
shown on the chart to signal full use of the allotted buffer for project progress.  The actual 
percentage of buffer used was plotted against this weekly, with the red zone beginning 
around 10-15 per cent below the blue line. 
4.3.2 KEY FINDINGS AND CONCLUSIONS 
The pilot identified some problems with the way lean was employed in this situation. The 
“lean” programme removed links which moved non-critical activities into the critical path, so 
that when these non-critical activities were not completed on time, the project was shown as 
running behind schedule, with outputs showing the completion date in danger, contrary to the 
correct perception of the site team that the project was on programme. As this happened at 
the beginning of the project, it undermined the trust of the team in the process, and 
endangered their commitment. In addition, there were problems specific to highways related 
construction with shortening every activity duration by 20 per cent; many highways 
construction tasks are undertaken at night time to reduce the impact on drivers, however 
tasks that are started at night must be finished in order to remove traffic restrictions by the 
morning. This means that in many cases, finishing an activity early would not allow the next 
activity to start if the succeeding task could not be completed within the allowed timeframe.  
 
Preparing the constraints analysis chart and carrying out the analysis were both time-
consuming activities, with the chart updated each week according to the revised master 
buffered programme and many repetitive items to discuss in the meeting. However, most of 
the Team identified it as a valuable exercise that disciplined the Team to focus on planning 
ahead, and gave structure to the planning meetings.   
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Developing the two-week plan as a Team exercise was identified as a valuable exercise by 
some of the Team, because it committed the Team to a plan, producing targets which could 
then be communicated to the workforce. However, the two-week plan produced in line with 
the weekly updated buffered programme rarely represented what was actually happening on 
site, according to the Team’s planned activities. This became particularly noticeable as 
awareness was raised that performance against the weekly plan was being measured, and 
the Team began to make more achievable promises, demonstrating the impact that 
measurement had on modifying the Team’s behaviours, once it was made known this was 
taking place. 
 
The output from the process highlighted several points, including: 
• attainment against the weekly plan averaged 67.1 per cent for the scheme, with a 
positive trend as the scheme progressed; 
• the majority of initial delays occurred because preceding activities were not 
completed, with lack of information and poor outputs being the next two categories 
causing the most delays; the causes of delay which had the worst effect on the 
completion of activities was weather, followed by lack of information, the requirement 
for technical approvals and poor prediction of workload; and 
• the project was completed without using any buffer (leading to some concern that the 
initial programming of the job was inaccurate). 
 
It was considered by some Team members that the output showing causes of delay were of 
more interest for comparison across schemes, and not as relevant on a scheme basis, 
perhaps because of the short duration of the project. There was very little understanding 
among the Project Team of protection ratio to the buffer, and it was generally agreed that the 
graphs were not well explained or presented, and held little meaning for the project. 
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Generally, the contribution of lean to the success of the project was difficult to establish. 
There were mixed responses from the Project Team, with some agreement that while the 
same outcome may have been achieved without using lean, there was less “firefighting” and 
fewer problems in the day-to-day running of the project. Lean could be measured either 
using the outputs from the process to formulate a key performance indicator (KPI) for weekly 
progress either against the master programme or the weekly planning programme, or to 
establish a lean conformance measure by setting out the objectives of lean on CM schemes 
and measuring performance against those objectives.  
 
The success of the lean trial was closely linked by the Project Team to leadership of the lean 
process. Lean construction was introduced to the Project Team through either a one full-day 
or one half-day seminar, depending on availability of the Team members. Once construction 
began, a segment of the weekly planning meetings was allocated to lean thinking, in which 
constraints analysis, delay analysis, buffer analysis and the updated buffer programme were 
discussed. The general opinion of the Project Team was that there was not a good 
understanding by the team members of lean. Not all Team members attended the briefing 
given at the start of the project, and of those that did, there was still some misunderstanding 
of what was trying to be achieved. The delivery of the training was described as poor, and 
more could have been done through leadership of the lean process to overcome the gap in 
understanding, or to understand the nature of the works and the effects on the programme. 
There were problems with failing to maintain the logic of the programme when the buffer was 
applied, which lead to some of the team dismissing the validity of the outputs of the process, 
in particular the buffer penetration and buffer protection charts. Although the team 
appreciated the value of the constraints analysis and weekly planning, and to some extent, 
the delay analysis, it was felt that these were done in the past anyway, without the discipline 
and formalisation applied through the lean process. 
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In addition, the lean process that was adopted addressed the project management function 
of lean, but overlooked other principles, in particular the concepts of value and waste. To be 
lean, work needs to be structured for value generation, and anything that is not value, ie 
waste, should be removed. Therefore, value and waste must be identified and controlled, as 
explained by Ballard and Howell (2003).  
 
The lean thinking process used on the highways renewals scheme has been discussed in 
terms of programming, analysis and review, including problems in producing and maintaining 
a buffered programme, benefits of the weekly constraints, planning and delay analysis and 
usefulness of the various output from the process. Certain improvements to the process 
could be made if lean is to be continued onto other schemes in CM, including adopting those 
tools that worked well as a formal process, creating a better understanding and “buy-in” to 
lean from the outset, identifying time risk allowance for each individual activity, and 
investigating principles of lean outside programme management. 
4.4 LONGITUDINAL CASE STUDY COMPARISON OF CMF 
This research considered two projects undertaken by the CMF in Area 9, discussed in Paper 
4 (Appendix D). Both schemes were undertaken on a 1km stretch of viaduct in the 
Birmingham area. The first project, P1, was undertaken in 2004 on the southbound 
carriageway of the viaduct, involving removal of the existing surfacing and waterproofing, 
repairs to the concrete deck, replacement of the waterproofing and surfacing works, including 
installation of asphaltic plug joints. The works were under a 2x2 contraflow with all traffic 
diverted onto the northbound carriageway allowing work to be under a full closure to public 
traffic. The project was one of the first by the CMF in Area 9, and the project team had not 
worked together before. 
 
The second project, P2, was undertaken in 2006 on the northbound carriageway of the 
viaduct, and, in principle, involved the same work on the opposing side two years earlier. By 
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this stage, the CMF had completed a number of schemes in Area 9, and the same team had 
worked together on two previous projects (including the first project, P1).   
 
The research compared the two projects which were part of a programme of works using the 
CMF. These two projects were specifically chosen as an example of work undertaken within 
the CMF because they were similar works which were easily comparable, and because they 
were undertaken at different times during the life of the framework. P1 was when the 
framework was first established and processes and relationships were new, while P2 was 
two years later when these were more developed. The research aimed to identify any 
improvements from the first project to the second, and to identify if there were benefits to 
using the CMF model for repeat projects. The research also looked at lessons learnt, how 
these were captured and used to improve performance. 
4.4.1 DATA COLLECTION 
The comparison study included a review of: the key performance indicators (KPIs) from both 
projects; costs and durations of the projects; lessons learnt and innovations recorded; results 
from “respect for people” surveys; and compensation events awarded on each scheme. The 
KPIs were measured on both schemes were as follow.  
• Customer satisfaction 
• Site safety 
• Time predictability 
• Cost predictability 
• Predictability of accruals forecasting 
• Defect free work 
• Client satisfaction with product 
• Client satisfaction with service 
• Road traffic accidents 
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• Final account settlement 
All KPIs were scored out of a possible 10 points. Some scores were subjective, with some 
adjudication by the measurement group; in addition, the measurements were completed by 
the same group of people in both schemes, thus allowing for consistency in the judgements 
made.  
 
The KPIs of the two projects were compared, and were also related to the measures that the 
client saw as the most important to delivering best value, as identified in previous research 
outlined in the first paper (Appendix A).  While the KPIs measured predictability of time and 
cost, data from the two schemes could be compared to see if there were any actual savings 
made in these two areas. Other actual data that were compared for the two schemes were 
the number of compensation events. Compensation events allowed the target price under 
the NEC to either increase or decrease, as events such as changes to works information 
arose. An increase in the number of compensation events would suggest greater uncertainty, 
leading to a need to change the scope of the works, impacting on the cost of the project.  
 
The innovations and lessons learnt registers were compared for the two projects, to identify 
those innovations that were repeated on P2 and to examine how recording and reviewing 
lessons learnt could impact on the performance of the second project. 
 
Finally, surveys evaluating “respect for people” were on both projects. The surveys consisted 
of 34 questions, separated into three categories: respect, integrity and reliability. Each 
question was given a score from 0 to 5 by the respondents, with 0 marked for strongly 
disagree and 5 for strongly agree. Surveys were issued to all on site, including operatives, 
supervisors and managers, and it was intended that the survey would reflect the standard of 
the site in terms of the way people felt they were being treated. When areas for improvement 
were highlighted, it was expected management on the site would formulate an action plan for 
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improvement, and, if appropriate, another survey might be required, particularly on projects 
of longer duration (six months or more). The two surveys were compared to identify if the 
culture reinforced by the CMC had an impact on the way people perceived they were treated 
on CMF construction projects. 
4.4.2 KEY FINDINGS AND CONCLUSIONS 
From the results of the measurement, there were improvements from P1 to P2 in four of the 
KPIs. Two of the KPI measurements were the same for both projects, while four measures 
showed a decreased score in P2 compared to P1. However, for two of these KPIs, a more 
onerous method of measurement applied on P2 than on P1, thus should be discounted when 
looking at the overall picture, which would then show measures on P2 were at least as good 
as P1 in two of the eight measures, and better in four KPIs. Furthermore, improvements were 
shown in three of the client’s four most relevant goals to delivering best value in carrying out 
similar works using the same project team, two years later. 
 
On inspecting the bottom line, the results show that although the total duration of the second 
scheme was slightly shorter than the first, the construction phase actually took 2.5% longer in 
P2 than in P1. In examining the actual costs of the two projects, with the retail price index 
(RPI) applied to the P1 figure for the design phase to take into account inflation in employee 
rates, a comparison of the two schemes showed a 50% cost saving of the design for P2. 
Applying the road con index to the construction phase of P1 to take into account labour and 
materials inflation, there was a 1.4% increase in the construction cost of the P2 scheme over 
P1.  Therefore, results of comparing actual data of the overall schemes showed the duration 
of the construction phase of P2 increased by 2.5%, and the cost increased by 1.4%. 
However, in looking at the breakdown of the construction costs, there were some differences 
between the two projects. If only like-for-like work is compared, and work outside of the 
similar scopes is deducted from the time and cost values, a saving of 8% in cost was 
achieved in P2 (including all design and supervision costs) and a 13% saving in time 
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achieved in P2. In this case, benefits in terms of cost and time savings were able to be 
demonstrated in using the framework arrangement on multiple projects when comparing like-
for-like work. 
 
In an evaluation of the number of compensation events awarded for each scheme, P1 
showed 193 compensation events were dealt with; in P2, there were 65 compensation 
events, 34% of the number of compensation events raised in P1. This would indicate far 
fewer changes to the works were instructed in P2 than in P1, possibly due to the greater 
certainty achieved in P2 having already completed P1.  
 
On completion of P1, 36 key lessons learnt were identified. These were categorised as: 
health and safety, planning/design stage, construction, planning during construction and 
working as a team. 18 of the lessons learnt were areas that could have been improved, while 
the other 18 were things that were done on site that had a positive effect, and provided 
guidance for other sites. There were nine key lessons learnt identified on completion of P2, 
with the majority of these being actions that had been undertaken during the scheme which 
showed a benefit. Many of the lessons learnt from P1 were addressed in P2, demonstrating 
an improvement in the second scheme in preventing problems, and addressing those that 
cannot be prevented early on. 
 
For the three sections of the “respect for people” survey: respect, integrity and reliability, the 
average scores showed an overall improvement in scores from P1 to P2, pointing to an 
improvement in culture over the two years. 
 
Thus, the comparison of the two schemes two years apart suggested that improvements can 
be achieved through the use of a framework in which knowledge is shared and relationships 
fostered through working together from one project to another.   
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4.5 RECOMMENDATIONS FOR CMF 
The final part of the research attempted to draw on the experience of the research engineer 
and the previous research, to provide recommendations for future CMF contracts. The Area 
9 and 10 contract, the first CMF to be administered by the HA, was due to finish in July 2009, 
and at the time this final part of the research was undertaken, there was uncertainty as to 
whether the HA would award a similar contract in this area, or in other areas, but it was 
thought the CMF would be considered as an alternative (at the HA’s discretion) in every HA 
area in England. The research was intended as a guide for others to see how this particular 
CMF operated, and where advantages could be gained, and barriers needed to be 
overcome. The research is detailed in Paper 5, Appendix E. 
4.5.1 RESEARCH QUESTIONS 
The research examined the CMF in terms of: how well it met the Client’s changes / 
expectations; how it could be used to anticipate those changes; how it used innovations and 
lessons learnt to achieve competitive advantage; and how the number of parties involved in 
the Framework can affect the effectiveness of this arrangement.  
 
To understand how well the CMF met the Client’s changes and expectations. the documents 
developed by the CMF detailing procedures, processes, project case studies and 
performance in annual reports and newsletters were studied. Developments in the CMF 
identified in the documentation was compared with changes in HA policy, as identified in HA 
publications, to identify how processes / measures were aligned to client expectations and 
the response of the CMF to changes in HA directives. 
 
The implementation of innovation and lessons learnt / knowledge transfer were examined 
through project case studies, to identify the benefits or otherwise of the techniques used to 
capture information and use in subsequent projects. A review of nine schemes between 2003 
and 2007 was to identify how innovations were used, with a cost savings analysis associated 
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with those innovations identified. Three schemes were chosen to understand how lessons 
learnt could benefit schemes; all three schemes were similar type works, with two of those 
schemes run concurrently and one at a later stage. The number of lessons learnt recorded 
on the schemes was examined, with the hypothesis that fewer lessons learnt on progressive 
schemes and a lack of repetition of lessons learnt would highlight that the process had 
benefits in terms of sharing knowledge to prevent repeated mistakes. 
 
At the time that this research, questions were being asked within the Community whether the 
number of specialists used in this particular framework was optimal. There was some feeling 
that the number of specialists should be reduced to provide better continuity of work for all 
specialists. The research aimed to assess this through responses from the best value 
questionnaire research, outlined in Paper 1 (Appendix A), by identifying key issues of 
working in the CMF and evaluating issues relating to the selection of contractors. In addition, 
work allocation for specialists between 2003 and 2007 in Area 9 was examined to identify the 
balance of work distributed amongst the specialists, and within specialisms. 
4.5.2 KEY FINDINGS AND CONCLUSIONS 
The members of the CMF had established a self-supporting “Community” to align the goals 
and objectives of the participants of the framework. Three off-line groups define the focus of 
the Community on: process, culture and measurement. Early on, the groups established the 
mechanisms for operating and working in the framework, and continued to develop those 
systems through the life of the CMF. In particular, measurement had been used to align the 
focus of the Community on the changing directives of the HA, although this could have been 
further improved by implementing formalised processes to ensure the client’s needs were 
met. 
 
The innovation process had proved to be an effective way of capturing savings made on 
schemes. The use of the HA’s Option Beta contract based on activity schedule, with costs 
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calculated on derived prices and a pain/gain share for contractors, encouraged innovations, 
which proved to equal savings on average of 6.3% of the overall works costs. 
 
The lessons learnt procedure enabled knowledge to be shared within the Community, and a 
case study of three projects showed there were more lessons identified at the completion of 
earlier schemes when compared to a later scheme of similar type work. However, of the 
lessons learnt in the later scheme, 28% were repeated lessons from the earlier schemes. 
This could be improved, possibly through implementation of a process to review lessons 
learnt from previous schemes and identification of recurrence so that these could be taken 
into account at the planning stage of future schemes. 
 
Finally, in choosing the number of specialisms to be included in the framework, the research 
recommended that consideration should be given to the allocation of work for each 
specialism. This should include consideration for the continuity of work that could be 
provided on site, as well as the value of works intended for each specialism, as it was shown 
that one specialist had a moderately significant proportion of the cost of construction works, 
but was only included in projects that were on site for 20 months out of 48.  
 
The CMF model used in Areas 9 and 10 was uniquely tailored to the requirements of the 
contract and the requirements of the client. It was suggested by the research that while the 
HA is the client for all areas in England, there could be differences in the focus or the way 
that HA directives are followed, and these should be considered when establishing a 
framework in other areas. Most importantly, commitment and trust in making the CMF a 
success should be sought from the outset, with an aligned vision and objectives shared by all 
members of the framework. 
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4.6 IMPLICATIONS OF THE RESEARCH FINDINGS 
From the findings of the research, the implications on the industrial sponsor were considered, 
and outputs for the industry took three forms: establishment of the measurement agenda; 
establishment of a lean construction process; and recommendations for use of the CMF. 
4.6.1 THE MEASUREMENT AGENDA 
4.6.1.1 The best value research 
The literature review and questionnaire relating to best value provided a meaningful tool for 
measuring the performance of the CMF in delivering best value. The review of HA 
documents identified best value had been defined through their own definition and in their 
corporate plan and vision as: understanding customer expectations, continuous 
improvement, collaboration and efficiency as the way to deliver best value.  
 
The HA’s VM process is very specific in how it prioritises work, with a scoring system for 
structures maintenance and renewals work considering: safety, functionality, sustainability 
and environment, and for road maintenance and renewals work: safety, value for money, 
reduction of disruption and environment. These functions are weighted and assessed in 
terms of the extent to which the functions can be improved, for example, in both cases, if the 
safety of a structure or road can be greatly improved, it will be given a high priority in terms of 
the need for works, therefore, this process puts these functions forward as the HA’s 
requirements for satisfying the needs and achieving best value for their customers.   
 
The best value questionnaire identified best value as defined by the Client representatives 
involved with the CMF, and the other companies included in the framework. Here, best value 
was defined in terms of cost, quality, time and safety. For highways work, this encompassed 
delivering a solution fit for purpose, delivering within budget, causing minimal disruption to 
the public and delivering on time.  
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4.6.1.2 Current measurement 
The existing measurement KPIs consisted of input and output goals. The input goals were: 
integrated supply chain; teamwork; optimum solution; respecting and valuing our people; 
integrated safety culture; pricing procedure; process development; robust measure of 
performance; and company performance. Of these, optimum solution and teamwork were 
seen as the most relevant to achieving best value; company performance was not seen to be 
relevant. There was some agreement that the company performance measure relied on 
perception as opposed to facts, and the measure required review to be effective. Other goals 
that were suggested for inclusion were: value management; clear brief; and agreement to 
measures / client expectations. The following input goals were suggested for exclusion: 
process development; and pricing procedure.  
 
The output goals were: time predictability; cost predictability; predictability of accruals; safety; 
defects; lean pricing; client satisfaction with product; client satisfaction with service; and 
customer satisfaction. Of these, safety cost predictability and time predictability were seen to 
be the most relevant outputs to achieving best value. Other goals that were suggested for 
inclusion were: effect of roadworks on congestion; and quality. The following output goals 
were suggested for exclusion: predictability of accruals; and lean pricing. For these two 
goals, existing measurement was not seen to be appropriate. This also applied to cost 
predictability, which was considered the most relevant goal to measuring best value, and it 
was suggested a review was needed of the way this goal was measured.  
4.6.1.3 Improving the measures 
The responses also revealed dissatisfaction with the customer satisfaction measure, which 
was viewed to be flawed and difficult to measure. With this measure ranking low in terms of 
relevance to delivering best value, the research engineer thought that the need for this goal 
was defunct and could be better gauged through examining measures that matched the 
functions identified in the HA’s VM process, as these were highlighted as the HA’s 
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requirements for satisfying the needs and achieving best value for their customers. In view of 
these findings, the existing measurement used in the CMF was examined and revised. The 
four main improvements to the existing measurement that was made were as follows. 
• A measure for congestion / journey time reliability was developed based on actual 
delays compared to expected acceptable delays. Actual delays were taken as an 
average of the 10% worst journeys in the month (of which half of the journeys made 
should be measured at peak times).  
• The measure for defect free work was revised to include defects identified during 
construction as well as defects on completion of the works.  
• The accruals forecasting measure was improved with a supplementary measure to 
identify movement in the year end forecast of schemes.  
• An additional measure for environment: recycling and reuse was developed. 
 
In addition, the lean pricing was deleted. However, the measure for customer satisfaction 
was retained, with the intention that if the congestion / journey time reliability measure 
showed actual delays were not exceeding the expected acceptable delays, but a number of 
customer complaints regarding the delay were received, the expected acceptable delays 
target would be reviewed.  
 
The changes to the measurement were presented to the CMF Measurement Group. The 
supplementary measure to accruals forecasting, and the additional measure for environment: 
recycling and reuse were adopted and have been implemented on CMF schemes since April 
2008. The measure for congestion / journey time reliability and the revised measure for 
defect free work are currently under consideration by the Group. 
4.6.2 THE LEAN PROCEDURE 
On completion of the lean trial, the research engineer interviewed six key people from the 
project team. The people interviewed were the project managers or site agents from the 
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construction manager and the five specialist framework contractors. The one-to-one 
interviews were conducted face-to-face. The interviews were semi-structured, with 10 
questions forming the focus of the interview. The questions aimed to find out: the knowledge 
that the interviewee had of lean, both prior to the project and after the trial scheme; what the 
interviewee thought the objectives of using lean were; their contribution to the lean process; 
the benefits and problems of using lean in the trial scheme; and the extent to which lean was 
attributable to the success of the project. The interview questions and matrix of responses is 
included in Appendix G. 
 
The responses given in the interviews showed: there was little understanding of lean and 
when asked what the objectives of using lean might be, most pointed to gaining programme 
efficiencies. In identifying the benefits of using lean, it was thought putting a discipline on the 
processes of looking ahead at activities in the future and ensuring everything was in place to 
allow those to start gave focus and removed obstacles before they became a problem. 
However, it was thought some of the processes were time consuming, and the outputs were 
not well presented. 
 
A report describing the lean trial and providing recommendations for the use of lean in the 
CMF was prepared by the research engineer, and sent to the CMF Process Group. The 
recommendations outlined in the report were: 
• adopt constraints analysis as a team exercise in a formal process; 
• adopt weekly planning as a team exercise in a formal process; 
• adopt delay analysis in a formal process; 
• adopt plan attainment and delay analysis output as measurement; 
• review buffer analysis, rejecting use of buffer protection ratio and reviewing the way in 
which the programme is tracked and reported; 
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• complete the draft procedure for the development and control of programmes to 
identify time risk allowance for each individual activity, rather than applying a single 
factor for time reduction for all activities; 
• consider developing a tool for measuring the effectiveness of lean; 
• review the role of the lean consultant; and 
• consider investigating principles of lean not covered by the current process. 
The research engineer developed a lean procedure to incorporate the tools that worked well 
in the trial and overcome those that were not seen to provide value. The procedure 
incorporated the use of the constraints analysis, delay analysis and buffer analysis. 
Templates were prepared using excel spreadsheets to input data and produce output charts 
and graphs. The procedure and templates are included in Appendix H. 
4.6.3 IMPROVING THE CMF 
4.6.3.1 Case study research 
The longitudinal case study comparison of the CMF, in which two similar schemes were two 
years apart were assessed, showed that the second project demonstrated improvements 
over the first scheme. The second scheme showed: 
• the majority of KPIs were either the same or better than the first scheme; 
• lower cost of design; 
• lower cost and duration of the construction phase when comparing like-for-like work; 
• fewer lessons learnt with no repeated lessons and lessons from the first scheme 
implemented to positive effect; 
• implementation of innovations from the first scheme; 
• better results from “respect for people” surveys; and 
• fewer compensation events, suggesting fewer changes in works information, 
 
This comparison of schemes demonstrated how benefits could be achieved using the same 
team to carry out works, and implementing the lessons learnt and innovations process. The 
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lessons learnt process was further assessed through looking at three similar projects; two 
were concurrent, while the third was a later scheme. Here, fewer lessons learnt were 
identified in the later scheme; however, 28% of these had already been identified previously. 
This meant lessons that should have been learnt had not been communicated sufficiently for 
them to be avoided on the subsequent project.  
 
The benefits of the innovations process used in the CMF was further exemplified in 
examining nine schemes between 2003 and 2007, in which average savings of 6.3% of the 
overall works cost were proved. 
 
In addition to examining how schemes can be improved, a wider approach was taken in 
looking at the CMF as a whole, particularly in identifying how value was aligned within the 
Community, that is, the companies making up the framework, and how it was delivered.  
4.6.3.2 Meeting client expectations 
Groups formed of members of the Community were established at the beginning of the 
contract, focussed around the areas of: process; culture and measurement. These groups 
were responsible for establishing mechanisms for operating and working in the framework, 
and for ensuring these were developed and used appropriately. Therefore, identifying and 
reacting to changes in the HA’s directives, and in client’s expectations, should have been 
managed by these groups, but it could be argued this was not done well. In many respects, 
reacting to the issue of directives such as “Customers First”, the HA’s vision and aim to 
become a customer-focused organisation, was left to the Construction Managers to respond 
to. This may have been because the Construction Managers were the Managing Agents of 
the Areas, and so determined some of the policies for operating on the highways network for 
which they were responsible. However, the research found that the CMF could have been 
more proactive in responding to changes in which the network was operated, through 
establishing its own processes and measurement tools.  
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4.6.3.3 Selecting CMF members 
In choosing the number of specialisms to be included in the framework, the research 
examined the continuity of work that could be provided to the specialist contractors, 
particularly in keeping continuity of work on site, as well as exploring the value of works for 
each specialism to determine if retaining more than one specialist for each discipline was 
feasible. Here, the proportion of non-scheme related time and cost that would be spent by 
those specialist contractors with a lower value package of works was considered.  
 
In looking at the nine specialisms operating in Area 9, the workload was spread so that the 
specialism with the most work had 40% of the total works cost between 2003 and 2007, 
while the specailism with the least work had just 0.5% of the total works cost. The five 
specialisms with the greatest share of the work cost contributed 93% to the total works cost, 
meaning four specialisms shared just 7% of the total works cost.  
 
Examining the amount of time specialist contractors spend on site also revealed disparities in 
the share of work load. For example, in Area 9, one specialist contractor worked on the 
construction phase of projects that ran for 8 months in 2004, 3 months in 2005, 10 months in 
2006, with no work in 2007. The other framework contractors for that same specialism 
worked 6 months in 2004, 4 months in 2005, 7 months in 2006 and also had no work in 
2007. In addition to the months that the contractors were not involved in schemes at all, they 
were also under represented in the amount of time they were actually required on site on the 
schemes that they were involved in. For the first specialist, the cost of their works was on 
average 2.6% of the total construction cost; for the other specialist, their works cost was on 
average only 1.2% of the total construction cost of the projects they were involved in. This 
would suggest the actual amount of time spent on site was much less than the full 
construction duration. 
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The best value questionnaire, earlier in the research programme, had shown that 23% of 
specialist contractors had highlighted concerns over unpredictable, discontinuous workflow, 
when questioned on their perception of disadvantages of working in the CMF. It was 
identified that problems with providing resources had arisen when workflow was not 
continuous, and it was possible this had affected the quality of construction work. In addition, 
if work was discontinuous for a specialism, and this was disproportionate to the effort 
required to be a partner in the framework and to the profit levels experienced by contractors 
for other specialisms, this could have an effect on the relationship of trust that the contractor 
for that specialism had with other members of the framework. 
 
These findings and recommendations were presented to the CMF and to a wider audience 
through the publication of Paper 4 and Paper 5, so that they can be considered in 
establishing similar type frameworks in the future. 
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5 CONCLUSIONS AND FURTHER RESEARCH 
5.1 INTRODUCTION 
This chapter summarises the key findings of the research and relates them to the 
overarching aim and specific objectives. The research is discussed in terms of its 
contribution to existing theory and practice, and the implications of the research on the 
sponsoring company as well as on wider industry. The research is critically evaluated in 
terms of its limitations and the chapter concludes with recommendations for industry and 
further research. 
5.2 KEY FINDINGS OF THE RESEARCH 
5.2.1 REALISATION OF AIMS AND OBJECTIVES 
The research aimed to assess the performance of the CMF in highways renewals schemes. 
There were two main objectives of the research: to assess the delivery of best value in 
highways renewals and improvements schemes using construction management, in 
particular through the establishment of a framework community; and to demonstrate how 
lean thinking can be used to provide continuous improvement within the framework 
community arrangement. These objectives were examined through a subset of objectives as 
shown below 
 
Objective 1: To assess the delivery of best value in highways renewals and improvements 
schemes using construction management, in particular through the establishment of a 
framework community. 
• Define the aims of the construction management community (CMC). 
• Define best value in terms of highways construction. 
• Determine an agenda for measurement of best value and continuous improvement. 
• Assess the performance of the CMF.  
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• Provide recommendations and implement actions for improving the performance of 
the CMC. 
• Provide recommendations for improving future CMF contracts. 
Objective 2: To demonstrate how lean thinking can be used to provide continuous 
improvement within the framework community arrangement: 
• Define lean construction in the context of the CMF. 
• Assess the success of the lean construction trial undertaken by the CMF. 
• Recommend improvements to the way lean thinking is applied within the CMF. 
• Support the implementation of successful lean processes as best practice in the 
CMF. 
 
The key findings of the research are discussed in Chapter 4; a summary of how these align 
to the research objectives is shown in Table 5.1 (for findings related to objective 1) and Table 
5.2 (for findings related to objective 2). 
Table  5-1: Key findings of the research related to Objective 1 
Evidence 
P – Primary Evidence;  
S – Supporting Evidence 
Objective Findings 
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Define the aims of 
the construction 
management 
community (CMC). 
The companies involved in the CMC agreed 
to: “deliver an industry leading performance 
through partnership, co-operation and 
commitment”; and it has off-line groups for: 
process; measurement; and culture, to take 
ownership of driving strategies to deliver 
objectives in line with the vision 
P     S 
Define best value in 
terms of highways 
construction. 
Best value has been defined by the HA in 
published documents, and through their VM 
process for maintenance of structures and 
roads. Best value definitions were also 
canvassed from companies in the CMF, 
including the HA. There was agreement 
that: delivery within budget and time; 
causing minimal disruption to the public; and 
delivering a solution fit for purpose are the 
most important requirements of best value. 
S P    S 
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Determine an 
agenda for 
measurement of 
best value and 
continuous 
improvement. 
There was some disparity in responses 
ranking the current measurement in terms of 
their importance in delivering best value; 
both between client and the remaining 
Community responses, and matching 
current measurement to the agreed best 
value definitions.  
 P    S 
Assess the 
performance of the 
CMF.  
A comparison of two similar sequential 
projects were compared, and showed 
improved performance when comparing 
like-for-like works in terms of: time; cost; 
compensation events / changes in works 
information; innovation; lessons learnt; and 
respect for people. 
 S  P   
Provide 
recommendations 
and implement 
actions for 
improving the 
performance of the 
CMC. 
 
   S P  
Provide 
recommendations for 
improving future 
CMF contracts. 
Formalised processes should be 
implemented to target meeting client 
expectations; innovations can lead to cost 
savings; implementing a lessons learnt 
procedure can avoid recurring mistakes and 
should include review of previous lessons 
learnt at the planning stages of new 
schemes; when selecting partners 
consideration for continuity of work and 
value of works should be given to each 
specialism. 
   S P  
 
Table  5-2: Key findings of the research related to Objective 2 
Evidence 
P – Primary Evidence;  
S – Supporting Evidence 
Objective Findings 
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Define lean 
construction in the 
context of the CMF. 
Following tools used in the pilot: creating a 
lean programme; constraints analysis; delay 
analysis; buffer analysis; weekly plan 
attainment chart; delays pie chart; buffer 
zone chart. 
S  P    
Assess the success 
of the lean 
construction trial 
undertaken by the 
CMF. 
Weekly attainment of planned activities 
increased as the project progressed, and 
the scheme finished ahead of programme, 
with none of the buffer used. However, 
success of the project could not be directly 
attributed to use of lean, but it was thought 
there was less “firefighting” and fewer 
problems in the day-to-day running of the 
project. 
  P    
Recommend 
improvements to 
the way lean 
thinking is applied 
within the CMF. 
Recommendations included: adopt 
constraints, delay and buffer analyses as a 
formal process and measurement tool; 
adopt a procedure for the identification of 
time risk allowance; and investigate 
principles of lean outside programme 
management 
  P    
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Implement 
successful lean 
processes as best 
practice in the 
CMF. 
Procedure produced and implemented. 
Review required. 
  S    
 
The findings of the research show that there is agreement that: delivering within budget and 
time; causing minimal disruption to the public (associated with delivering within time); and 
delivering a solution fit for purpose are the most important requirements for delivering best 
value in highways renewals schemes. In comparing two like-for-like schemes, it was 
demonstrated that improvements were made in terms of delivering within budget and time 
and there were fewer compensation events related to changes in works information. This, 
together with fewer lessons learnt and evidence that lessons from the first project was 
carried through to the second, suggest delivery of a scheme fit for purpose was better 
specified and achieved within budget and time constraints. While it was difficult to trace how 
the CMF adapted to meet client expectations, cost savings achieved through implementing 
innovations were demonstrated, and the lessons learnt procedure was effective, but could be 
made more so by implementing a formalised review of lessons learnt from previous schemes 
at the planning stages of new schemes.  Through formulating and implementing a lean 
construction procedure, it was found that the CMF already undertook some of the ethos of 
lean, particularly in terms of working with the supply chain to plan works and drive continuous 
improvement. While it could not be said that implementing a lean process directly contributed 
to the success of a trial project, it helped to proactively approach the planning of the scheme, 
and reduce problems in the day-to-day running of the scheme. The structure of the CMF was 
conducive to formalising the procedure and demonstrated that some of the problems met in 
implementing lean within a more conventional delivery arrangement could be overcome 
within the CMF set up. 
 
The findings have lead to some recommendations being made (e.g. formalising certain 
processes and establishing the number of partners based on continuity and value of works); 
A study of a collaborative framework arrangement for highways renewals schemes 
84 
however evidence shows that where similar type works are carried out over a period of time, 
improved performance in delivering best value can be demonstrated. While it can be argued 
that these improvements can be gained through using any collaborative framework, the use 
of construction management as a procurement route has helped to create the successes 
achieved because:  
• it is based on a selection of specialist contractors based on quality as well as price 
based tender submissions, and;  
• it encourages better commitment to the success of the CMF by the specialist 
contractors, who take on a more proactive role in the planning and delivery of 
schemes where they may have taken the role of a supplier in the past.  
5.3 CONTRIBUTION TO EXISTING THEORY AND PRACTICE 
In this research, existing theory and practice that has been applied to the construction 
industry has been focussed on in the highways environment. Defining and measuring value 
has been examined as it applies to highways maintenance and improvement schemes, 
allowing the peculiarities of the highways environment to be taken into account when 
considering how value can be delivered to the various stakeholders. The research has 
looked at assessing how the value definitions of the client and of the supply chain to the 
client align, so that differences can be addressed. 
 
 The research has examined the use of collaborative working arrangements in a framework 
setting, and this has been assessed within the context of highways maintenance and 
improvement schemes. In particular, the framework examined in this research is unique in 
that it involves a number of specialist contractors, with more than one contractor in each 
discipline. This has presented particular benefits in some areas, such as sharing the 
workload and providing points of comparisons; however it has also created problems, such 
as inconsistency in workload which has lead to difficulties in securing resources. Views on 
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the advantages and disadvantages of this particular framework have been presented in the 
research, as well as evidence of benefits that can be gained, particular in terms of 
continuous improvement through implementing processes such as lessons learnt reviews, 
and capturing innovations. 
 
The research also looked at demonstrating how lean thinking could be used to provide 
continuous improvement within the framework community arrangement. The research has 
contributed to existing lean theory and practice by applying lean to the highways sector, 
presenting results from a scheme in which the programming functions of lean have been 
implemented. In addition, using lean techniques within a framework setting has shown how 
some of the barriers to lean can be overcome in an environment where trust and 
collaboration is already a requirement.  
5.4 IMPLICATIONS / IMPACT ON THE SPONSOR 
The research has afforded the sponsor an opportunity to benefit from an objective evaluation 
of the performance of the CMF. The CMF was already established when the research began, 
however, through the study of the perception of the delivery of best value through the best 
value questionnaire, the sponsor has been able to better understand how value definitions 
are aligned and where they differ, so that this can be addressed through changing the focus 
of the CMF.  
 
The research has compared schemes by the CMF, and this has enabled the sponsor to 
provide evidence of improvement, which lead to the decision to extend the existing 4 year 
CMF contract to 7 years. In 2005, the CMF won the Contract Journal award for long-term 
partnering, and it is also now being considered for use in other HA areas as a result of the 
performance in Areas 9 and 10.  
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A measurement agenda has been established in the research, to help drive improvements in 
the areas most beneficial to achieving best value. Some of these are now being used in the 
CMF, with others under consideration by the Measurement Group. This has helped the CMF 
to focus on improving performance and provided the measurement agenda to show 
improvements. 
 
The lean trial enabled the sponsor to show its commitment to using innovative processes to 
provide continuous improvement. Tangible results from the lean trial were also 
demonstrated, and this has lead to the lean process being adopted in Area 9. In an 
environment where finishing in time or ahead of programme is of value to the customer, 
implementing a process to improve efforts in achieving this has been seen as a worthy 
pursuit. 
5.5 IMPLICATIONS / IMPACT ON WIDER INDUSTRY 
The example of the CMF as a collaborative framework is one that may be duplicated and 
adapted to other HA areas. The HA are currently considering allowing areas that are 
beginning new contracts with MACs to choose between a CMF and a “managed works” (i.e. 
single point supplier) contract. This research sets out how the CMF was implemented in 
Areas 9 and 10 and demonstrates the advantages that using the CMF can offer, as well as 
improvements that should be considered.  
 
In this research, the CMF has been specifically applied to roads and structures maintenance 
and improvement schemes; however it has the potential to be extended to the HA’s other 
categories of work, such as projects in sensitive locations, or on major projects, where 
completion of high-profile projects on programme and within budget may be the most desired 
outcome. The use of the CMF could also be extended to HA and local authority partnerships, 
to form a framework where shared resources would greatly benefit the services offered to 
customers, who are in the end, the same for both parties. 
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The CMF also has the potential to be applied to other sectors outside of highways, 
particularly where works are of a similar nature. Frameworks are currently used in many 
industries; however, the CMF has particular benefits gained from providing an equal platform 
for the different disciplines and through the formation of a self-supporting “Community” to 
encourage commitment to shared values and the ethos of the partnership. 
 
The use of lean construction in highways construction offers the industry an opportunity to 
see how the process can be adapted to this context. The process can be used on other 
highways projects, and the research here provides a benchmark for future work.  
5.6 CRITICAL EVALUATION OF THE RESEARCH 
In determining the validity of the research, the context must be examined. The Research 
Engineer was an employee of one of the Construction Management organisations involved in 
the CMF. While this role enabled direct access to the various parties involved in the 
framework, it also provided a point of bias on the part of the research engineer. It may also 
have restricted the responses given to the research engineer by the other parties of the 
CMF, who were aware of the Research Engineer’s employment, and who may have been 
concerned that their responses would reflect on the Construction Manager’s opinion of their 
organisation. Some of the existing measures, in particular the company performance 
measure, only measured the perceived performance of the companies involved in the CMF, 
and so it may have been felt that negative responses that were critical of the CMF may have 
had an impact on the way that their company was perceived, and this in turn may have an 
effect on the way their performance was measured. This was in part avoided by allowing 
respondents to the questionnaire to remain anonymous. 
 
The best value questionnaire was only sent to three client representatives. This was 
representative of the number of people from the client organisation involved in the CMF at 
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the time; however this limited number of responses made it difficult to justify using the 
responses as representative of the client organisation.   
 
Some of the recommendations for the CMF were mainly based on the results of data 
collected from Area 9 and did not consider any case studies from Area 10, because of the 
difficulty with gaining commercial information from the Construction Manager operating in 
that area. This limited the research because assumptions were made that the area operated 
in a similar way with comparable outcomes. 
5.7 RECOMMENDATIONS FOR INDUSTRY AND FURTHER 
RESEARCH 
The research shows there are some benefits to using Construction Management within a 
framework setting, and these have been shown in the use of established teams, using a 
lessons learnt process and through the implementation of innovations. However, there are 
areas of improvement that have been highlighted to deliver a shared definition of value, 
including the introduction of measures for: congestion / journey time reliability; year end 
forecasting; and recycling and reuse in the construction process. In addition, in selecting 
specialisms to be included in the framework, consideration should be given to the share of 
work and time required for those disciplines, to justify the amount of non-related scheme 
input that is required by being a member of the CMF, and to allow trust between the parties 
involved to be maintained. It has been demonstrated that lean construction as a 
programming tool can be used to good effect, particularly in the CMF setting, where 
collaboration and trust are already a requirement to undertaking the work, however it is 
important that all parties display a commitment to the process to prevent this becoming just 
another tool for initiative’s sake.  
 
Further research is recommended into comparing the use of CMF in other areas, both to the 
research here, possibly to provide benchmarking across areas, as well as to other forms of 
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procurement, to determine cost competitiveness. Further research into the use of the CMF in 
local authority and HA partnerships is also required. 
 
Lean has been studied here only in its function as a programming tool. Further research is 
required into using lean as a more comprehensive process, to provide continuous 
improvement in construction. This could then be further broadened to the design and pricing 
stages, so that the whole delivery process is mapped out to identify lean improvements. 
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The Highways Agency (HA) has recently rethought the way it commissions maintenance work on the 
trunk roads and motorways for which it is responsible. Taking on recommendations from recent reports 
into the UK construction industry, the HA have introduced the Construction Management Framework 
(CMF) in Areas 9 and 10 which covers a large area of the UK from Herefordshire to Lancashire.  The 
CMF looks to implement substantial changes in culture and structure through replacing competitive 
tendering with long-term relationships and partnering based on quality rather than cost.  The aim of this 
paper is to explore how the CMF can achieve its aims to provide best value and continuous 
improvement in comparison to traditional methods of procurement.  On an operational level, lean 
construction has been identified as one means of providing best value within the CMF.  This paper will 
assess how lean thinking lends itself to the core objectives of the new culture that the HA are 
promoting.  It will consider how lean construction can improve best value within the CMF, with the 
intention that the need for further research will be identified.  The paper is mainly based on a literature 
review that forms part of the first phase of an Engineering Doctorate, which aims to compare 
procurement methods and assess the merits of lean thinking in highways maintenance. 
 
Keywords: continuous improvement, highways maintenance, lean, partnering, procurement.  
INTRODUCTION 
Construction management was first adopted by the Highways Agency (HA) as an innovative 
procurement strategy in 2002.  This paper is based on a literature review that forms part of the 
first phase of an Engineering Doctorate aimed at assessing construction management as a 
procurement method, and exploring the use of lean thinking in highways maintenance, under 
the construction management framework arrangement.  It explains how this arrangement 
facilitates the delivery of more efficient and effective services and aims to fulfil objectives set 
out in recent studies demanding improvements in the construction industry.  Action-based 
research into the performance of construction management and the implementation of lean 
practices in highways maintenance will be carried out to complete the Doctorate programme. 
BACKGROUND TO THE HIGHWAYS AGENCY 
The establishment of England’s trunk road and motorway network in the 1930s, its growth 
into an asset worth over £65 billion and the development of the Highways Agency (HA) in 
1994 to manage and maintain the network is well documented (Haynes and Roden, 1999; 
Highways Agency, 2001; Highways Agency 2005c).  The HA was created as an executive 
agency for the Secretary of State for Transport, Local Government and the Regions in 
response to demands in the 1980s and early 1990s to improve the efficiency of the public 
sector by making the best use of both public and private resources.  When the HA took on its 
executive agency role, there were 91 different agency agreements in existence for carrying out 
maintenance of the road network, which covered the management of routine, winter and 
capital maintenance, and other duties such as inspections of the network, accident 
investigation and data provision.  Of these agreements, 85 were with local highway 
authorities, and the remainder with private sector consultants.  One of the requirements for the 
HA when it began was to review these agency agreements, with the intention to increase 
opportunities for the private sector to become involved in the works.  Following a 
consultation exercise in 1995, it was announced that the number of agency areas was to be 
reduced from 91 to 24, and the agency agreements would be open on a competitive basis to 
both the public and private sector.  This was later reduced to 14 areas.    
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KEY STUDIES INFLUENCING HA PROCUREMENT 
The HA recognised that major studies in the last decade had highlighted problems with 
traditional methods of procurement in the highways sector.  The reports made various 
recommendations for improving the industry, focusing on the problems in the UK 
construction industry, in particular the poor relations between clients and their supply chain.  
Targets and recommendations for improving productivity were linked to better use of 
partnering and more innovative forms of procurement, such as design and build (Latham, 
1994; Egan, 1998; National Audit Office, 2001).  In addition, Egan suggested that lean 
thinking is the biggest opportunity for improving productivity.  Reports on behalf of the 
government as a client (Levene, 1995; Gershon 1999) looked to better training in procurement 
and understanding of value for money for its personnel.   
While there may be some scepticism of the targets set out in the reports, particularly Latham’s 
call for 30 per cent improvement in productivity, many of the recommendations have been 
recognised as best practice and preferred methods of working.  Partnering and collaborative 
working is often seen as offering competitive advantage (Blayse and Manley, 2004; Ledger, 
2003; Stanek, 2004; Highways Agency, 2005a).  However, criticism of partnering points to 
the fact that the task force led by Egan comprised employees/representatives of client 
organisations, and partnering is perceived by some as simply a crude exercise in buying 
power, in which suppliers must buy into the partnering culture or risk alienation from the 
significant portion of the UK market that embraces partnering (Green, 2002).  Green (p178) 
suggests the claims that partnering replaces the regulated market economy with corporatism 
and conflicts with principles of humanism are exaggerated; however evidence that he presents 
of cases where partnering has led to high staff turnover or where savings have not been passed 
on to the customer illustrate that partnering may not be the panacea that it can first seem.   
Egan’s demand for performance measurement systems and the use of key performance 
indicators (KPIs) has also been widely adopted (Audit Commission, 2000a and 2000b; 
Constructing Excellence, 2005).  The guidelines for what to measure are set out in these 
documents to align with the targets given by Egan, however, the method of measurement is 
not defined because of the different sectors and nature of works within the construction 
industry.   
HA PROCUREMENT 
The above reports reinforced the knowledge that in the early 1990s the outturn cost of projects 
was on average 24 per cent higher than the original tender price; this had continued to rise to 
40 per cent on more recent projects procured using traditional methods (National Audit 
Office, 2001).  In addition, the HA were concerned that they were creating adversarial 
relationships with suppliers that was not sustainable.  Taking on board the recommendations 
from the reports, the HA prepared a procurement strategy based on ten overlying principles to 
achieve best value (Highways Agency, 2001), including: early creation of the delivery team; 
integration of the supply chain with longer-term relationships based on continual 
improvement targets; clear points of responsibility to improve the scope for partnership 
working; selection of suppliers based on best value, with optimal combination of quality and 
price for awarding contracts; fair allocation of risks; and performance measurement with 
continual improvement targets. 
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HA Contracts 
The HA divided their work into four categories for procurement purposes as shown in Table 1 
(Highways Agency, 2001).  From the late 1990s, the HA began to use the New Engineering 
Contract (NEC) on all works contracts, with new contracts awarded on the basis of quality 
and price.  Project partnering arrangements were adopted on many contracts within the 
regional and major projects categories, and framework contracts have been used where it is 
considered there is an adequate workload of a consistent and continuous nature.   
Table 1: General indication of division and responsibility of HA work (for procurement purposes). 
 Maintenance contracts Regional 
projects 
Major 
projects 
 < £250,000 < 
£500,000 
< £5 million > £5 
million 
MA and TMC      
MAC      
eMAC      
Construction Management     
Single point frameworks     
Design and build     
Early design and build     
Private finance initiative 
(PFI) 
    
 
When the agency areas were first opened to the private sector, separate managing agents 
(MA) and term maintenance contractors (TMC) were contracted to provide maintenance 
services.  In 2001, a new form of maintenance contract was introduced by the HA in the form 
of the Managing Agent Contractor (MAC) contract, which achieves a single-point 
responsibility, a form of prime contract which is favoured by the Office of Government 
Commerce (Highways Agency, 2001).  MAC contracts are currently in effect in eight agency 
areas, with the original intention being that all areas would be managed under this 
arrangement.  However, the HA’s procurement strategy is evolving, and the first enhanced 
MAC, or eMAC, was awarded in December 2004, which allows the eMAC to carry out work 
up to a value of £5 million including regional projects as well as maintenance.  More recently, 
a consultation paper has been released for comments on a new form of contract: the PFMAC, 
which aims to combine the flexibility and partnership ethos of the MAC with the whole life 
and single supplier approach of the DBFO.  It is intended the PFMAC will be structured 
around the delivery of ongoing maintenance and operation services on the network, rather 
than a specific construction scheme (Highways Agency, 2003).   
The procurement strategy aims to provide a consistent approach to procurement throughout 
the HA.  It looks to long-term partnering and better awareness of its supply chain to address 
the adversarial culture that had previously existed, and it aims to focus on quality through the 
selection criteria of its suppliers, allocation of risk and reward, and performance monitoring.  
The strategy is seen to be a success with the “MAC model” now being adopted by local 
authorities (Highways Agency, 2005a). 
Construction Management 
To further promote integration and gain an understanding of the issues affecting the supply 
chain in its delivery of best value, the HA considered using Construction Management (CM) 
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in renewal and improvement schemes.  CM operates on the bases that the client has direct 
contractual relationships with each of its works contractors, and a separate contract exists with 
a construction manager.  The construction manager is paid professional fees to act as the 
client’s agent in co-ordinating and supervising the project (Construction Management Forum, 
1991; Murdoch and Hughes, 2000; Highways Agency, 2001; Oyegoke, 2001).  Tate (2003) 
produced a matrix for principal standard forms of contract where the JCT CM contract allows 
a high degree of client involvement, flexibility and speed, with low cost certainty and clarity 
of remedial repairs.  The guide does not show a CM contract based on the NEC, as used by 
the HA.  Gray (1996) recognised that CM can bring benefits beyond cost competition, 
including flexibility and quality.  He noted that it is important to select a competent 
construction manager to manage the design and construction process, and highlighted the trust 
that must exist between all parties to gain the full benefits of CM.  He also noted that there is 
a learning process involved in using CM, and the full benefits are often not realised until the 
second or third project.  However, he does not say whether the entire CM team is used on 
subsequent projects, or if the learning is on the part of the client.    
The HA introduced CM in two pilot schemes, followed by the introduction of the first CM 
contract in 2002, as discussed below. 
CMP – the first CM pilot scheme 
A 12-month long pilot scheme (CMP) started in April 1999 in the North West of England.  
The works contractors, termed specialist framework contractors, had an early contractor 
involvement (ECI) in projects with input at the design stage, and the CMP required an on-
going interaction among the stakeholders during the handover and operation stages.  Key 
lessons learnt were discussed on completion of construction in reviewing the project’s 
performance, thus ensuring project team members continually improve.  Key performance 
indicators (KPIs) were established at the beginning of the pilot scheme.  These included 
measures beyond cost, quality and time objectives, such as the client’s involvement in the 
project, and the extent to which consultants and contractors had shared knowledge, expertise 
and resources during the design stage (Highways Agency, 2005b). 
Bryde and Brown (2004) interviewed five individuals from different stakeholders involved in 
the CMP.  All individuals believed that the CMP procurement strategy produced more 
successful project outcomes in comparison to traditional procurement strategies.  The 
interviewees identified a number of critical success factors relating to their project, including 
establishing relationships based on trust and mutual respect, establishing clear communication 
channels and gaining senior management commitment.  Commercial cost benefits were not 
explored in the research.   
CMP2 – the second CM pilot scheme 
CMP2 was a two-year project involving a £40 million programme of works in four 
Maintenance Areas.  Contractors were selected for the first time on an 80/20 quality/price 
basis, with “quality” including an assessment of the organisations’ attitude to the partnering 
philosophy.  A number of “off-line” Community groups were established, such as the Pilot 
board, the Pilot Issues Group, the Newsletters and review meetings, and the Measurement 
Process.  It was expected that representatives from all stakeholders would participate in the 
off-line groups.  The team was also encouraged to form a self-supporting “Community” to 
resolve difficulties, promote best practice and bring “peer pressure” to bear on any individual 
company in danger of failing to meet its obligations.  Early contractor involvement (ECI) was 
adopted, with the supply chain also being involved in the design and development of schemes. 
KPIs were agreed in early workshops, and a comprehensive set of measures devised and 
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applied across the project.  In addition, the concept of derived pricing was introduced, with 
prices for work agreed/derived on resource outputs as opposed to a schedule of prices 
(Highways Agency, 2005b). 
CMP2 was considered to be a success, with KPI results showing the scheme equalled or 
bettered conventional procurement in 90 per cent of the measures (Highways Agency, 2005b).  
Despite a steep learning curve, projects were delivered at competitive prices in a way not 
possible under traditional forms of procurement.  The HA were subsequently awarded Client 
of the Year in the Contract Journal Annual awards in 2001 for their work in CM (Highways 
Agency, 2005b). 
CM Areas 9 and 10 
In July 2002, CM contracts were awarded in Areas 9 and 10 for renewals and improvements 
schemes, amounting to around £350 million over 4 years (with an option to extend the 
contract to 7 years).  The 24 companies involved in the CM Framework comprised the two 
highways agency areas, a construction manager in each area and 20 specialist framework 
contractors across nine disciplines.  These companies formed a CM Community (CMC) 
defined in a manual produced by the CMC (Construction Management Manual, 2002, p3) as: 
“A collection of companies and organisations, bound together by a series of collaborative 
processes and principles that have formed a unique community delivering a service to the 
Highways Agency under the route of Construction Management in Areas 9 and 10”.  The 
CMC members agreed a single overall vision: “To deliver an industry leading performance 
through partnership, co-operation and commitment”, and it has off-line groups to take 
ownership of driving the strategies to deliver objectives in line with the vision.  Annual 
reports have been produced in 2003 and 2004, detailing progress made in the year, and figures 
on improvements.  In 2004, some of the achievements noted were a nine percent improved 
performance in deliver of output goals, self-assessment scores showing on average 27 per cent 
improvement in delivery across six goals, and an independent pricing exercise demonstrating 
a cumulative saving of one per cent under CM, compared to anticipated alternative costs 
(Construction Management Framework, 2004). 
In addition to considering total outturn costs, KPIs evaluate comparison of actual costs against 
agreed target prices, as well as information to show continuous improvement, such as safety, 
customer satisfaction, defect free work, time predictability, team performance and final 
account settlement.  Improvements in the KPIs account for the nine per cent improvement in 
the delivery of output goals.  Whilst the measures are constantly being reviewed and updated, 
they are currently the main basis for providing evidence of continuous improvement within 
the CM framework. 
However, research is required to assess the suitability of the measurement currently being 
used and evaluate the real performance of the CM framework.  There is little project-specific 
research into the use of CM; none at all has been found in highways maintenance, or of a 
framework setting, while there remains some doubt of its advantages.  An action-based study 
will be conducted to establish the suitability or otherwise of using CM for highways renewal 
and improvement schemes.  In addition, as mentioned earlier, lean thinking has been 
highlighted as the biggest opportunity for improving productivity (Egan, 1998).  This will 
form an additional study. 
LEAN THINKING IN CONSTRUCTION 
Similarly to Egan, Koskela et al (2003) suggested that while ensuring the most appropriate 
procurement method is used, changes to operational processes where the end product is 
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created (design, prefabrication and site) would be more effective.  It is at this stage where 
costs, quality, safety etc. are concretely formed, so gains from changes would be swift and 
visible.  In addition, by effecting the change at the operational level, knowledge can be gained 
of what needs to be changed upstream and in the superstructure of procurement modes, 
contracts, information systems, etc.  
Origins of lean thinking 
Lean construction has been recognised as a tool for improving processes and adding value by 
both the HA and the CM community.  Evidence of the use of lean thinking in other sectors of 
construction has shown there are benefits to be made from applying lean principles to 
highways (there are many contributors to literature of lean construction, among them: Howell, 
1999, Ballard, 2000, Koskela, 2000, and Bertelsen 2002).  The literature recognises that lean 
began in manufacturing by Jim Womack to describe Engineer Ohno’s ideas towards 
eliminating waste taking principles used to satisfy high demand for a standard product, and 
applying them to build to specific customer order.  Five principles for lean production were 
widely adopted in manufacturing in general: precisely specify value by specific product; 
identify value stream for each product; make value flow without interruptions; let the 
customer pull value from the producer; and pursue perfection.  The guiding principle is the 
optimisation of the flow of value towards the customer and lean thinking in manufacturing 
has continued to focus on the end product.   
Lean construction theory 
Construction has been frequently identified in the literature as a complex process to deliver a 
one-of-a-kind product through cooperation of a temporary, multi-skilled team.  Two major 
contributions to lean construction are Koskela’s Transformation-Flow-Value (TFV concept) 
(Koskela, 2000) and Ballard’s Last Planner system of production control (Ballard, 1999), 
followed by Ballard and Howell’s lean project delivery system (LPDS) (Ballard and Howell, 
2003).   
Koskela’s TFV concept considers value and waste generated in specific operations 
(transformation) and activities between operations (flow), and involves identification of true 
value to the client throughout the process (value generation).  Lean thinking forces a focus on 
maximising value and eliminating waste. 
The Last Planner system concentrates on the planning function of construction, using a sliding 
window (Lookahead Plan) to plan what can be done when constraints are removed.  An 
important function is the Percent Planned Complete (PPC) which monitors the Lookahead 
Plan and requires reasons for delays, which are analysed in terms of root causes.     
The LPDS is a project management tool that redefines project phases into project definition, 
lean design, lean supply, and lean assembly and use.  Project definition includes defining 
customer and stakeholder purposes and values, design concepts and design criteria.  Lean 
design defers decisions until the last responsible moment in order to allow more time for 
developing and exploring alternatives.  Lean includes initiatives such as reducing the lead 
time for information and materials.  Lean assembly describes delivery of materials and 
relevant information for their installation, to the moment that the client has beneficial use of 
the facility. 
The literature, which is obtainable from the International Group for Lean Construction and the 
Lean Construction Institute, is largely theoretical.  It is based on the assumption that the lean 
principles which apply to the manufacturing industry can work as well in construction, 
without changing the fundamental nature of construction.  However, planning in construction 
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is suspect to many variables, some of which are uncontrollable, and contextualisation of lean 
manufacturing theory is required if the full benefits of lean thinking are to be realised by the 
construction industry.   
Lean construction in practice 
Where lean construction in practice has been researched, improvements have been 
documented.  The construction lean improvement programme (CLIP) was sponsored by the 
Department for Trade and Industry.  It looked at the theoretical principles of lean construction 
and made attempts to turn it into a practical tool that could be effectively implemented 
through seven case studies (BRE, 2003).  In particular, CLIP focussed on the 7Ws and the 
5Cs.  The 7ws are seven wastes that can never be added value: motion; waiting; defects; 
transport; overproduction; unnecessary inventory and inappropriate work or process.  The 5Cs 
are the foundations for continuous improvement: clear out (separate the essential from the 
non-essential); configure (a place for everything and everything in its place); clean and check 
(assess the current condition of the environment); conformity (ensure standard is easily 
maintained); and custom and practice (ensure everyone follows the rules).  Reported results 
showed improvements in production of around 15 per cent, with the highest figure being 40 
per cent.  None of the projects in the CLIP were highways related. 
It is foreseen that some of the problems identified with implementing lean construction could 
be overcome through utilising the community arrangement of CM.  Ballard (1998) identified 
that product and process design can be standardised for standard products.  However, 
standardisation of non-standard products must be done at the planning level.  This is often 
prevented by fragmentation between interfacing parties in the construction industry; however 
process mapping and trust are used within CM to achieve a cohesive and unified community, 
which facilitates improving systems, rather than simply defending individual interests.   
Lean construction in CM 
In a study by Alarcon and Diethelm (2001) of seven Chilean construction companies 
introducing lean practices into their organisations, the lessons learnt were outlined.  These 
included the importance of signals from upper management for motivation commitment of 
other levels of the organisation; commitment from site/office managers; early constitution of 
an improvement committee, in charge of implementation; and leadership to ensure success of 
the process.  The importance of some of these characteristics is recognised as a result of the 
hierarchal culture in the Chilean construction industry that may not be so prevalent in the UK.  
However, the CMC relies on leadership and support from its “off-line” groups, which also 
takes on an auditing role.  This puts in place an authoritative figurehead for leading and 
monitoring change.  In addition, commitment to the CMC and its goals of industry leading 
performance and continuous improvement would suggest that commitment to introducing 
lean practices is simply fulfilment of those promises.  In theory, lean construction could quite 
easily add value to projects undertaken by CM, and it is intended further case study research 
will analyse successes and failures in practice. 
CONCLUSIONS 
The Highways Agency has realigned its procurement strategy to take account of 
recommendations made in major studies in the last decade, and create a more sustainable way 
of doing business.  It has looked to partnering and framework contracts to bring suppliers 
together at an early stage of the delivery process, and to maintain long-term relationship based 
on quality and continuous improvement.  In 2002, construction management contracts were 
awarded in two of its areas, and the CM community was established to facilitate the ethos of 
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partnering to deliver best value and continuous improvement.  Early indications show that this 
form of procurement is at least as competitive as traditional procurement methods, and there 
is some evidence of improvement year on year.  Further case study research will be 
undertaken to establish and demonstrate the success or otherwise of the construction 
management framework in highways maintenance work. 
While selection of appropriate procurement methods theoretically allows realisation of best 
value and continuous improvement, it is suggested that it is at the operational level that 
potential savings are most easily recognised and recovered.  Lean construction has been 
identified as the biggest opportunity for improving productivity at the operational level, and 
evidence of applying lean thinking principles from manufacturing to the construction 
environment suggests benefits can be achieved.  Furthermore, some of the problems with 
implementing lean construction may be overcome through the framework of construction 
management, and further research will analyse and demonstrate whether these benefits can be 
achieved in practice.  
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ABSTRACT 
In 2005, lean thinking was trialled as a way to improve processes in the construction phase of 
a highways maintenance project. The trial was undertaken by a partnering framework that had 
existed since 2002, so that those involved in the project were already working in a 
collaborative environment focussed on building relationships of trust. It was thought that this 
would be conducive to introducing lean thinking in the construction phase.   
The scheme involved resurfacing and deep patching of two four lane carriageways and the 
provision of concrete protection to eight bridge piers. During the construction phase, a 
buffered programme, four-week look-ahead programmes and weekly programme plans were 
used to: undertake constraints analysis; measure planned activities completed each week; and 
analyse root causes of delay. On completion of the project, members of the Project Team were 
interviewed to gather data on the successes and failures of using lean thinking on the project. 
Problems were encountered in producing and maintaining a buffered programme, however 
benefits were identified with using constraints analysis, weekly planning, delay analysis and 
some of the outputs generated by these tools. There were some issues with way that lean was 
presented so that understanding of both the objectives of lean and the outputs was not 
maximised. Certain improvements to the process were identified so that lean could be 
continued on other schemes undertaken within the framework, including: ensuring a better 
understanding of lean thinking and its application in a highways context; adopting some of the 
analyses as a formal process and measurement tool; adopting a procedure for the 
identification of time risk allowance; and investigating principles of lean thinking outside 
programme management. 
 
KEY WORDS 
Highways maintenance, implementation, lean processes, partnering framework 
 
INTRODUCTION 
The Construction Management Framework (CMF) is an initiative established by the 
Highways Agency, the executive agency responsible for managing and maintaining the 
motorways and trunk roads in England, in two of its regional areas to deliver highways 
renewals and improvements schemes (Wolbers, 2005). Construction management was 
employed as the procurement route to allow direct contractual relationships to exist between 
suppliers and the client, with a partnering relationship existing between specialist trade 
contractors, the construction manager and designers, to achieve best value in the work 
associated with the framework (Bryde and Brown, 2004). A Construction Management 
Framework Community was established to facilitate this partnering ethos, with various groups 
set up to guide the framework in the areas of processes, measurement and culture, which 
encompass the sub-groups of innovation and communication (Construction Management 
Manual, 2002). In 2005, it was decided that recommendations for the use of lean thinking 
from the Egan report “Rethinking Construction” (Egan, 1998) could be explored on a 
Construction Management Framework project as part of the vision to deliver industry-leading 
performance.  A highways renewal project was selected to pilot lean thinking during the 
construction phase, and an external consultant was employed to assist with the process. This 
paper describes the lean thinking process that was used on the pilot scheme and considers the 
effectiveness of the process based on discussions with the Project Team. 
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LEAN CONSTRUCTION IN PRACTICE 
Lean construction has recently been introduced as a tool for improving processes and adding 
value.  Evidence of the use of lean thinking has shown that there are benefits to be made from 
applying lean principles to construction, although tools for implementing lean concepts are 
not well established (there are many contributors to literature of lean construction, among 
them: Howell [1999], Ballard [1998, 2000], Ballard and Howell [2003], Koskela [2000], 
Bertelsen [2002], and Bertelsen and Koskela [2004]).   
Lean thinking was a term coined in the manufacturing industry by a research team led by 
Jim Womack to describe Engineer Taiichi Ohno’s ideas towards eliminating waste in 
Toyota’s production system.  Engineer Ohno wanted to adopt principles used to satisfy high 
demand for a standard product established in the work of Henry Ford, and apply them to build 
to specific customer order (Howell, 1999).  From these beginnings, five principles for lean 
production were widely adopted: precisely specify value by specific product; identify value 
stream for each product; making value flow without interruptions; letting the customer pull 
value from the producer; and pursuing perfection (Bertelsen and Koskela, 2004).  The guiding 
principle is the optimisation of the flow of value towards the customer and lean thinking in 
manufacturing has continued to maintain its focus on the end product (Bertelsen and Koskela, 
2004).  
Construction has been identified as a complex process to deliver a one-of-a-kind product 
through cooperation of a temporary, multi-skilled team (Bertelsen and Koskela, 2004).  Thus, 
construction has been likened to manufacturing to specific customer order.   
The Last Planner system (Ballard, 1999) concentrates on the planning function of 
construction, using a sliding window (Lookahead Plan) to plan what can be done when 
constraints are removed.  An important function is the Percent Planned Complete (PPC) 
which monitors the Lookahead Plan and requires reasons for delays, which are analysed in 
terms of root causes.     
Where applications of lean construction have been researched, improvements have been 
documented.  The construction lean improvement programme (CLIP) was sponsored by the 
Department for Trade and Industry (BRE, 2003).  It looked at the theoretical principles of lean 
construction and made attempts to turn it into a practical tool that could be effectively 
implemented through seven case studies (see Appendix J).  In particular, CLIP focussed on: 
the seven wastes (7Ws: motion; waiting; defects; transport; overproduction; unnecessary 
inventory and inappropriate work or process); and the foundations for continuous 
improvement (5Cs: clear out; configure; clean and check; conformity; and custom and 
practice) (BRE, 2003).   
Reported results showed improvements in production of around 15 per cent, with the 
highest figure being 40 per cent.  None of the projects in the CLIP were highways related. 
It is foreseen that some of the problems identified with implementing lean construction by 
Alarcon and Diethelm (2001) in their study of seven Chilean construction companies, could 
be overcome through utilising the community arrangement of CM.  Ballard (1998) identified 
that product and process design can be standardised for standard products but standardisation 
of non-standard products must be done at the planning level.  This is often prevented by 
fragmentation between interfacing parties in the construction industry; however process 
mapping and trust are used within CM to achieve a cohesive and unified community, which, 
in theory, facilitates improving systems, rather than simply defending individual interests. 
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THE PILOT SCHEME 
The work on the pilot scheme primarily comprised: three miles of carriageway renewal with 
deep patching up to an additional 100mm to full-lane width in designated areas of 
carriageway; and structural strengthening to eight existing piers at three bridges. The Project 
Team included the Highways Agency as the client, a construction manager, and five specialist 
contractors: surfacing, general civils, traffic management, electrical and safety fencing, and 
their supply chain.  
The work was planned to start on site of 10th October 2005, with all traffic management 
(TM) to be removed by 22nd December 2005, and completion of non-TM works on 9th 
January 2006.  An item for inclement weather was included, so that the finish date for the 
programme was 16th January 2006. This programme was assessed in terms of “leanness”, 
with the duration of each activity reduced by approximately 20%.  The lean thinking 
programme showed all TM removed by 14th December 2005, and completion of non-TM 
works on 19th December 2005.  A buffer protecting completion of the works was included as 
an item to the end of the works. The work commenced on site on 10th October 2005 and all 
TM was removed by 18th December 2005 with all works completed by this date.   
 
LEAN THINKING PROCESS 
The lean process adopted on the pilot scheme is discussed in terms of lean programming, the 
analyses that were carried out, and the outputs from the analyses. 
PROGRAMMING 
In the construction documents, a Task Order programme was produced by the Project Team 
for the works.  This programme was used to create a “lean” programme, by reducing the 
duration of each activity by 20 per cent to account for risk built into activities.  The portion of 
time removed from each activity was then added together to form a buffer that was placed at 
the end of the programme to protect completion of the works. 
ANALYSES 
Analyses comprised three activities: constraints analysis, delay analysis and buffer analysis, 
as discussed below.   
Constraints Analysis 
Constraints analysis involved using a chart in an Excel spreadsheet to identify the preparation 
that was required to “make ready” activities planned to start in the next four weeks.  The 
preparation activities were established at the beginning of the project and included items such 
as drawings and design, method statement, temporary works and materials.  The analysis was 
undertaken as a team exercise during planning meetings using a chart prepared prior to the 
meeting which listed all activities in the next four weeks.  A cross was placed under 
corresponding items that prevented an activity from starting, and a person was assigned the 
responsibility of ensuring that the constraint was removed by a due date.  An activity was not 
deemed ready to start until there were no crosses against any of the preparation activities, 
signalling that all constraints had been removed.  
Delay Analysis 
Prior to the weekly meeting, a two-week plan was prepared based on the programme which 
was updated weekly.  During the meeting, the two-week plan was tabled and, as a Team 
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exercise, revised based on input from the appropriate specialists.  The two-week plan was 
used weekly in the delay analysis.  Information was collected by a representative on site at the 
end of each week of the activities that had been completed by the dates shown on the two-
week plan.  If the activity had not been completed on time, a reason for the delay was 
required, from a prescriptive list defined prior to the start of works on site.   
Buffer Analysis 
Software was used to analyse penetration into the buffer as the project progressed.  
Information was collected on site of activities completed in the week, with each specialist 
identifying how many days remained on activities not completed.  The information was fed 
into the software which calculated how much of the buffer had been used, based on the actual 
duration of critical activities compared to the “lean” duration, with any overrun taken from the 
buffer.  The penetration into the buffer was represented as a percentage of the entire buffer 
duration. Protection to the buffer was also calculated.  The protection ratio was a calculation 
of the buffer that should be remaining according to the remaining duration of the project, and 
the buffer that was actually remaining.     
OUTPUTS 
A weekly plan attainment chart showing the percentage of activities completed each week 
against the weekly plan was produced as a bar chart (see Figure 1).  Pie charts showing causes 
of delay was also developed; one pie chart was adapted to include a category for non-
completion of the preceding activity (see Figure 2a). A second pie chart was formulated to 
carry the initial cause of delay onto following activities that were also delayed (see Figure 
2b). The first pie chart was used to illustrate the cause of initial delays, with delays caused to 
following activities attributed to a category titled “preceding activity not completed”. The 
second chart shows the effect of different causes of delay on following activities, so that 
delays to following activities were attributed to the initial cause of delay. 
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Figure 1: Weekly plan attainment chart 
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A buffer chart was produced from the buffer analysis information using a line graph (see 
Figure 3).  The chart area was divided into red, yellow and green: the red signalling danger to 
the project completion date; yellow signalling the programme needed to be monitored to 
ensure the completion date was safe; and green being the completion date was safe.  A blue 
line was shown on the chart to signal full use of the allotted buffer for project progress.  The 
actual percentage of buffer used was plotted against this weekly, with the red zone beginning 
around 10-15 per cent below the blue line. 
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Figure 3: Buffer chart 
REVIEW OF THE LEAN THINKING PROCESS 
PROGRAMMING 
There were some problems encountered with the “lean” programme that was produced from 
the original Task Order programme. The original programme had included “dummy” links 
which allowed works to be arranged around the critical surfacing activities. In making a 
“lean” programme, these links were taken out moving non-critical activities onto the critical 
path. When these were not completed by the revised “lean” date in the first few weeks of the 
Figure 2a: Delay Analysis Chart 
including category for preceding 
activity not completed 
Figure 2b: Delay Analysis Chart 
without category for preceding activity 
not completed 
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works on site, the project was shown as running behind schedule leading to outputs that 
showed the completion date was in danger of not being met when this was not actually the 
case. 
The duration of every activity was reduced by 20 per cent to account for risk built into 
activities; however a draft procedure has been developed by the CM Community for the 
development and control of programmes. This procedure considers identifying a time risk 
allowance for each individual activity, thus creating a more accurate and “leaner” scenario.  
Creating a “lean” programme highlighted a problem with attempting to shorten activity 
durations during night time TM closures in that an activity cannot commence within a closure 
if it cannot be completed to the extent that it would be safe to lift the closure. Therefore it 
would be futile to expedite a preceding activity if no following activity can commence within 
the same closure. 
ANALYSES 
Constraints Analysis 
Preparing the constraints analysis chart and carrying out the analysis were both time-
consuming activities, with the chart updated each week according to the revised master 
buffered programme and many repetitive items to discuss in the meeting.  However, most of 
the Team identified it as a valuable exercise that disciplined the Team to focus on planning 
ahead, and gave structure to the planning meetings.   
DELAY ANALYSIS 
Developing the two-week plan as a Team exercise was identified as a valuable exercise by 
some of the Team, because it committed the Team to a plan, producing targets which could 
then be communicated to the workforce.  However, the two-week plan produced in line with 
the weekly updated buffered programme rarely represented what was actually happening on 
site, according to the Team’s planned activities. This became particularly noticeable as 
awareness was raised that performance against the weekly plan was being measured, and the 
Team began to make more achievable promises. The two-week plan from the master 
programme was compared with the Team’s planned activities, 10 weeks into the 14 week 
programme. The comparison showed obvious differences between the two programmes. Of 
the 55 activities, only 2 (3.6 per cent) which were shown on the master programme were 
planned to start on the same day on the two-weekly plan. Most activities were planned in the 
weekly meeting to start on site a week later than shown on the updated master programme, 
and other activities starting on site were not shown to start on the master programme within 
those two weeks at all. While this did not present a problem when there was no threat to the 
completion date, straying so far from the master programme may have a more detrimental 
effect if there was a greater risk that the completion date would not be met.  
BUFFER ANALYSIS 
The buffer analysis in the first few weeks of the project showed that buffer penetration was 
greater than it should have been, thus endangering the completion date, because non-critical 
activities had been placed on the critical path in converting the original programme to a lean 
programme.  Once the programme was modified to correctly reflect the criticality of the 
works, buffer penetration was shown as below zero per cent.   However, this was not entirely 
accurate either, because in the period showing zero per cent buffer penetration, problems were 
encountered on site which delayed the programme.  Additional works that were required and 
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problems with ground conditions delayed works by one week, however at this stage the buffer 
penetration was minus 29 per cent. The Team, however, were aware that the programme had 
slipped, and began to investigate possibility of gaining back time as a matter of course as the 
Team were focussed on the removal of TM before the Christmas period.  The negative use of 
the buffer was shown through to the end of the project because it was based on the end date of 
the project including completion of non-TM works, whereas it would have been a better 
representation of the focus of the site team if the buffer protected completion of works reliant 
on TM, and the removal of TM. 
OUTPUTS 
The output from the process highlighted several points, including: 
• attainment against the weekly plan averaged 67.1 per cent for the scheme, with a 
positive trend as the scheme progressed; 
• the majority of initial delays occurred because preceding activities were not 
completed, with lack of information and poor outputs being the next two categories 
causing the most delays; the causes of delay which had the worst effect on the 
completion of activities was weather, followed by lack of information, the 
requirement for technical approvals and poor prediction of workload; and 
• the project was completed without using any buffer (leading to some concern that the 
initial programming of the job was inaccurate). 
 
The weekly progress chart was an indication of how well the team members were meeting 
their commitments, and while it is impossible to tell from the analysis if critical tasks were 
completed on time, it provided an incentive for the team to meet their targets.  It was possible 
to correlate the chart against events on site, for example where the percentage of activities 
completed was lowest in the week ending 2nd December, weather had been the mitigating 
factor.  
It was considered by some Team members that the output showing causes of delay were 
of more interest for comparison across schemes, and not as relevant on a scheme basis, 
perhaps because of the short duration of the project. There was very little understanding 
among the Project Team of protection ratio to the buffer, and it was generally agreed that the 
graphs were not well explained or presented, and held little meaning for the project. 
Generally, the contribution of lean to the success of the project was difficult to establish.  
There were mixed responses from the Project Team, with some agreement that while the same 
outcome may have been achieved without using lean, there was less “firefighting” and fewer 
problems in the day-to-day running of the project.  Lean could be measured either using the 
outputs from the process to formulate a key performance indicator (KPI) for weekly progress 
either against the master programme or the weekly planning programme, or to establish a lean 
conformance measure by setting out the objectives of lean on CM schemes and measuring 
performance against those objectives.  
LEADERSHIP OF THE LEAN TRIAL 
The success of the lean trial was closely linked by the Project Team to leadership of the lean 
process, and should be reviewed in line with the comments made by the Team. Lean 
construction was introduced to the Project Team through either a one full-day or one half-day 
seminar, depending on availability of the Team members. Lean thinking was initiated at 
design Early Contractor Involvement (ECI) stage, when the programme was being developed 
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which allowed the addition of a buffer to the construction programme produced by the team. 
Once construction began, a segment of the weekly planning meetings was allocated to lean 
thinking, in which constraints analysis, delay analysis, buffer analysis and the updated buffer 
programme were discussed.  
The general opinion of the Project Team was that there was not a good understanding by 
the team members of lean.  Not all Team members attended the briefing given at the start of 
the project, and of those that did, there was still some misunderstanding of what was trying to 
be achieved.  The delivery of the training was described as poor, and more could have been 
done through leadership of the lean process to overcome the gap in understanding, or to 
understand the nature of the works and the effects on the programme.  There were problems 
with failing to maintain the logic of the programme when the buffer was applied, which lead 
to some of the team dismissing the validity of the outputs of the process, in particular the 
buffer penetration and buffer protection charts.  Although the team appreciated the value of 
the constraints analysis and weekly planning, and to some extent, the delay analysis, it was 
felt that these were done in the past anyway, without the discipline and formalisation applied 
through the lean process. 
In addition, the lean process that was adopted addressed the project management function 
of lean, but overlooked other principles, in particular the concepts of value and waste.  To be 
lean, work needs to be structured for value generation, and anything that is not value, ie 
waste, should be removed.  Therefore, value and waste must be identified and controlled, as 
explained by Ballard and Howell (2003).  
CONCLUSIONS  
The Lean Thinking Process used on the highways renewals scheme has been discussed in 
terms of programming, analysis and review, including problems in producing and maintaining 
a buffered programme, benefits of the weekly constraints, planning and delay analysis and 
usefulness of the various output from the process. Certain improvements to the process could 
be made if lean is to be continued onto other schemes in CM, including adopting those tools 
that worked well as a formal process, creating a better understanding and “buy-in” to lean 
from the outset, identifying time risk allowance for each individual activity, and investigating 
principles of lean outside programme management. 
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Abstract 
The Construction Management Framework (CMF) is a contract established by the Highways 
Agency in the United Kingdom, where collaborative working is used within a framework 
setting to deliver best value in highways major renewals and improvements schemes. This 
research aims to establish the effectiveness of the CMF in achieving this aim. It aims to 
define best value as it is understood collectively by the participants in the framework, and 
evaluates the performance measurement used in terms of its relevance and suitability to 
delivering best value. The research also looks at perceptions of the performance of the CMF 
by those companies included in the framework, and the benefits and disadvantages of using 
this type of arrangement in highways work. Data collected from the client was compared to 
that given by the contractors, supply chain and construction managers of the CMF; results 
showed a perception by those involved in the framework that construction management is 
suited to the type of work it is currently used for, and there is potential for similar CMFs to be 
used elsewhere in the construction industry. However, the research also found that there is a 
need to improve: the performance measures so that value is properly reflected in the goals of 
the CMF; and the presentation of evidence that demonstrates the benefits that can be gained 
using this procurement route.   
 
Introduction 
 
In 2001, the Highways Agency (HA) published a procurement strategy in response to a 
succession of studies during the 1990s, including: Sir Michael Latham’s “Constructing the 
Team” report; Sir John Egan’s “Rethinking Construction” report; and the National Audit Office 
report “Modernising Construction” (Highways Agency, 2001).  The strategy covers the full 
range of the HA’s activities, with a focus on its delivery of services to road users as the 
operator of England’s motorway and trunk road network.  In this respect, the HA’s work is 
broadly divided into categories based on cost, namely maintenance contracts for works 
costing up to $1 million, regional (or major maintenance) projects for works to $16 million  
and major projects, which covers works costing above $16 million (Highways Agency, 2001).   
 
Within the regional projects category, works are packaged together and procured through 
frameworks which facilitate long-term relationships with delivery teams as a means of 
providing best value (Highways Agency, 2001).  To further promote this, the HA has 
embarked on a new initiative in Area 9 (centred around the Midlands region of England) and 
Area 10 (primarily covering the North West of England) of entering into direct contractual 
arrangements with specialist trade contractors and suppliers to form the HA’s Construction 
Management Framework (CMF).  The contract commenced in July 2002 for a four year term, 
which was recently extended to 2009, and covers the delivery of road renewals, structures 
renewals and improvement schemes.   
 
The aim of this research is to establish the effectiveness of the CMF in achieving best value, 
by using a case study approach of a framework working in collaboration to deliver highways 
major maintenance projects. The research aims to determine the meaning of best value as 
understood by the various groups working in the CMF, i.e. the client, contractors, supply 
chain and construction managers. From this, the effectiveness of current performance 
measures used within the CMF can be evaluated, leading to the development of more 
appropriate CMF performance measures to reflect the success or otherwise of using this 
framework arrangement.  
 
A literature review has been included in this paper to establish the HA’s current guidelines 
and processes for achieving best value, and to explain the existing measurement used by 
the CMF for measuring value (including a short evaluation of this).    
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Best value in highways construction 
 
In order to evaluate how well the CMF represents and aligns itself with the HA’s value 
objectives, the vision of the HA and its aims and objectives for delivering value to its 
customers must be understood. This can be examined through the HA’s publications, in 
particular: the procurement strategy aimed at its potential and current suppliers; the 
corporate vision and plan publication, “Customers First”, aimed at its customers; and 
documents outlining the Value Management process, which identify the key areas used to 
prioritise and identify solutions to the satisfaction of all its stakeholders. 
 
The HA’s actions towards achieving best value focus on: assessing a project’s cost over the 
whole life of the investment; developing improved procurement guidance and new forms of 
contract to speed up the procurement process; and reviewing the value of design features as 
projects are prepared (Highways Agency, 2006a).  Best value is defined by the Agency as 
“the delivery of business objectives at the lowest affordable cost while achieving continuous 
improvement” with the four key components of best value being effectiveness, efficiency and 
economy underpinned by the demonstration of continual improvement (Highways Agency, 
2006b).   
 
The Agency’s corporate plan and vision, named “Customers First” (Highways Agency, 
2005a), sets out the aims of the Agency to become a customer-focused organisation.  This 
includes actions to: consult with local communities to gain a greater understanding and 
responsiveness to the needs of customers and stakeholders; achieve continuous 
improvement in the delivery of front line services; identify opportunities for improved 
collaboration and more efficient delivery of best value solutions and services; and drive down 
cost and speed up delivery (Highways Agency, 2005a).  These actions suggest that the 
Agency has identified understanding customer expectations, continuous improvement, 
collaboration and efficiency as key to delivering best value (Highways Agency, 2005a).   
 
Value Management (VM) is a technique used to reconcile the different value judgements 
made by various stakeholders and enable an organisation to achieve the greatest progress 
towards its stated goals with the use of minimum resources, in order to achieve value 
(Institute of Value Management, 2002). Thus, VM aims to reconcile different stakeholders’ 
value judgements and achieve the best value ratio between satisfied needs and resources, 
and is formally undertaken in the two step process of VM and Value Engineering (VE) by the 
Highways Agency (Highways Agency, 2004).  The development process for a project 
involves: identifying the need; prioritising it; value manage and value engineer possible 
solutions; score the benefits delivered; identify the preferred (optimum) solution; then design, 
procure and implement the works, with the VM and VE processes aimed at adding value 
(Highways Agency, 2004).  
 
The renewal and improvement of structures are value managed through risk assessments 
which weigh the consequences of options in terms of safety, functionality, sustainability and 
environment, these being the value criteria ranked in terms of their weighting of importance 
(Highways Agency, 2004). 
 
The Value Management process for roads considers aspects of maintenance work under the 
categories of safety, value for money, reduction of disruption and environment (Highways 
Agency, 2005b).  Scores for “value for money” are determined using a whole life cost 
analysis of road maintenance schemes knows as Software for the Economic Evaluation of 
Pavements (SWEEP).  The scoring of “reduction of disruption” is also determined by the 
outputs of SWEEP.  SWEEP reports are used to assist in the examination of proposed VE 
options in terms of whole life costs and return on investment (Highways Agency, 2005b).  
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Road maintenance value criteria weights are: 0.2 for safety; 0.3 for value for money; 0.4 for 
reduction of disruption; and 0.1 for environment (Highways Agency, 2005b).  It can thus be 
inferred that disruption to the traffic is the most important value criteria which must be 
addressed in any maintenance scheme, in line with the HA’s “Customer First” policy 
(Highways Agency, 2005a).  
 
The HA Construction Management Framework 
 
The benefits of partnering and collaborative working in construction have long been 
recognised and increasingly alliances between organisations are seen as a way of creating 
competitive advantage and adding value (Blayse and Manley, 2004; Cheng et al, 2004; 
Egan, 1998; Ingirige and Sexton, 2006; Latham, 1994; Ledger, 2003; Highways Agency, 
2005a). Fortune and Setiawan (2005) point to the definition of partnering given by Fisher and 
Green (National Audit Office, 2001) as being the most widely accepted by those involved in 
the delivery of construction projects. This definition refers to partnering as: 
 
“a management technique embracing a range of practices designed to promote more co-
operative working between contracting parties... The objective is to align and unite the 
parties with a shared goal of completing the scope of work in a cost effective and timely 
manner which is mutually beneficial…Strategic partnering involves the main contractor and 
the client organisation working together on a series of construction projects to promote 
continuous improvement” (National Audit Office, 2001, p29). 
 
Barlow and Jashapara (1998) highlighted the distinction in the construction industry between 
one-off partnering and long-term partnering, or strategic partnering as termed by Fisher and 
Green (National Audit Office, 2001), as existing for the duration of several projects. Ingirige 
and Sexton (2006) support the view that it is through long-term partnering contracts that a 
sustainable competitive advantage can be achieved by establishing organisational 
mechanisms for the transfer of knowledge between projects, in order to continuously create 
new knowledge. 
 
There is, however, some criticism of partnering, including an argument that clients are 
afforded buying power in which suppliers must buy into the culture of partnering, or risk being 
isolated from frameworks which make up a significant portion of the UK construction market 
(Green, 2002). In addition, there may be some scepticism that competitiveness can be 
maintained within an established framework.  
 
To procure work and address the need for continuous improvement, collaboration and 
efficiency, the HA established a Construction Management Framework in the Agency Areas 
9 and 10, covering parts of the West Midlands and North West regions.  It involves 20 
Contractors covering a range of disciplines required to carry out the work (referred to as 
Specialist Framework Contractors), two Construction Managers and the Agency teams in 
both areas (Highways Agency, 2006a).  Where construction management is used as the 
procurement route, the Construction Manager is an impartial professional employed by the 
Client to manage the works in terms of supervising the works and ensuring co-ordination 
between the Specialist Framework Contractors (Construction Management Forum, 1991). 
The Construction Manager and the Specialist Framework Contractors each have separate 
contracts with the Client, and communication should flow freely between all parties, including 
the Client, in true partnering style (see Figure 1). 
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The contract is based on a modified version of the New Engineering Contract (NEC) and was 
commissioned for a four-year term which has recently been extended to seven years. The 
NEC was first published in 1995 as an alternative to the traditional forms of contract that 
existed at that time. It was designed to reflect the more modern procurement routes, such as 
design and build and PFI, and looked to avoid disputes through providing a range of payment 
options which dealt with the uncertainty found in construction projects (Lewendon, 2004). It 
encouraged the use of partnering arrangements and allowed parties involved to be more 
proactive in providing more robust control to achieve better certainty of the project cost 
outcome (Lewendon, 2004).  The payment options offered by the NEC includes: priced, 
target and cost-reimbursable contracts. The CMF uses target contracts, where the tendered 
price forms the target cost, but rather than the Contractor being paid according to the 
tendered price, he is reimbursed for his actual cost plus a fee (to cover overheads and profit), 
and the target cost is compared to the total cost with any profit or loss shared between the 
Contractor and the Client in a pre-agreed way (Lewendon, 2004). 
 
The scope of works involved in the Framework comprises road renewals, structural renewals 
and improvement schemes (Highways Agency, 2006a).  The companies involved in the 
Framework have established a Community so that the areas of culture, process and 
measurement are developed in a structured and co-ordinated manner (Construction 
Management Community, 2004).  The Community is guided by “off-line” groups that have 
been set up to formulate and disseminate practices and procedures within the areas of 
processes, culture and measurement. The primary objective of the Community is to show 
that Construction Management provides, or shows the clear potential to provide, best value 
to the HA, and for the Contractors involved (Construction Management Community, 2004).  
 
Current measurement 
 
The Community uses the definition of best value identified by the Local Government Act 
1999 and defines economy, efficiency and effectiveness based on publications from the 
Audit Commission (2000). Here, economy is acquiring resources of the appropriate quality 
and quantity at the lowest cost, efficiency is producing the maximum output for any given set 
of resource inputs or using the minimum inputs for the required quality, and effectiveness is 
meeting the client and /or customer needs (Audit Commission, 2000).  The Community has 
interpreted economy to be the relative cost of Construction Management compared with 
alternative forms of procurement, efficiency as the ability to deliver input goals based on 
process, culture and measurement, and effectiveness as the achievement of output goals 
based on key performance indicators (KPIs) (Construction Management Community, 2004).  
The Rethinking Construction report, published in 1998, called for an industry-wide 
performance measurement system, so that clients could be presented with a comparative set 
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of performance results in order to differentiate between companies and provide a rational 
basis for selection and reward (Egan, 1998). The report highlighted key areas for 
measurement and set ambitious improvement targets. The UK government responded by 
proposing a framework of key performance indicators for companies to use, so that 
performance could be examined and compared with others within benchmarking clubs (KPI 
Working Group, 2000). The CMF used these KPIs to measure and compare performance 
between schemes in the following areas:  
• customer satisfaction; 
• site safety; 
• time predictability; 
• cost predictability; 
• accrual expenditure forecasting (comparing the estimated cost of work to be carried 
out to the actual amounts certified on a monthly basis); 
• defect free work; 
• lean pricing; and  
• client satisfaction with product and service.  
 
However, there are significant problems associated with the effective use of KPIs. Beatham 
et al (2004) pointed out five fundamental problems with the introduction of KPIs, i.e.: KPIs 
focussed on post-event lagging outcomes at a very high level; KPIs were not aligned to the 
strategy or business objectives of the construction companies; KPIs are generic, and have 
been seen as external to the business needs of many organisations; cross-industry 
benchmarking is not seen to be viable, and their use is not seen as an integral part of 
business management; they do not provide a holistic, company-wide representation of the 
business, where other performance measurement tools such as the balanced scorecard and 
Excellence models consider areas such as leadership and policy and strategy that are not 
included in the industry KPIs; and, KPIs are not incorporated into a performance 
measurement system which includes review and action. 
 
In addition, while some of the measures are quantifiable, such as predictability of time and 
cost, others are subjective, for example customer / client satisfaction and quality.  Subjective 
measures bring into question the validity of scoring and benchmarking.  Also, the conflicting 
nature of KPIs is not considered, so while quality, for example, could produce a low score, 
this may be at the expense of cost, which will reflect a higher score in the KPI.  Without 
reviewing the impact of one KPI on another, efforts to deliver value to the customer may be 
misdirected. 
 
The Research Survey 
 
To investigate best value delivered by the CMF using a case study approach, a 
questionnaire was developed with the intended target for completing the questionnaires 
being solely the members of the CMF. The questionnaire was not directed at recipients 
outside of the CMF, as they would have little or no understanding of this particular case 
study.  
 
As the researcher is involved in the framework, the questionnaire would also help improve 
understanding of the general situation, avoiding generalisations and a distorted view. The 
population of the CMF was small enough that questionnaires could be sent to every 
company involved in the CMF, rather than a sample being selected. This enabled a broad 
range of opinions to be considered, although to a limited depth. Although opportunities were 
given throughout the questionnaire through open questions for respondents to expand on 
their answers, this relied on a further investment of the respondent’s time.  
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The questionnaire was separated into the following four sections.  
 
• Section A – The Respondent Background Information: eight questions directed at 
the respondent’s experience so that results could be separated to identify the views 
of the various parties in terms of experience with CM and the roles they play in the 
framework. 
• Section B – Measuring Best Value: eight questions to identify what constituted best 
value in the opinion of the respondent, who could influence the delivery of value and 
the view of the effectiveness of current measurement (how relevant is the measure 
and how well is it measured). 
• Section C – CMF Performance: three questions to understand the current 
perception of the performance of the CMF in terms of the KPIs, and the use of this 
type of procurement for different types of HA work. 
• Section D – Working in the CMF: six questions centred on the experiences of 
working in the CMF, how easily relationships were established and how strong those 
relationships needed to be, and what the perceived and actual benefits of working in 
the CMF are. 
 
The questionnaire was piloted amongst the Chairs of the various off-line CMF groups (6 
people in total). Some revisions were made in line with their recommendations; 50 
questionnaires were then sent to the entire population of 23 companies in the CMF, 
consisting of the client, the construction managers and the Specialist Framework 
Contractors.  
 
A questionnaire was sent to at least two people from each Specialist Framework Contractor. 
One of these people was generally a high level manager involved in managing the CMF 
contract, while the other was typically a project manager involved in the management of CMF 
schemes. It was considered these two levels of management had the most influence over the 
delivery of best value due to their involvement across a number of schemes.   
 
The questionnaire was also sent to client representatives who work with the CMF. The 
questionnaire was sent to the Area Performance Manager for each HA Area, and to the 
project sponsor responsible for individual schemes, who reported to the Area Performance 
Manager. Area Performance Managers are responsible for their team of Project Sponsors, 
and thus set the HA successful outcome criteria for individual projects. 
 
The questionnaire was sent to the Construction Managers of both HA Areas, as well as 
Project Managers and a Senior Valuation Surveyor (who is responsible for administering the 
payment terms of the New Engineering Contract on behalf of the Client). Questionnaires sent 
to supply chain partners were limited to the five companies most frequently used by the 
specialist framework contractors because of the limited involvement and response expected 
from this group.  
 
Of the 50 questionnaires distributed, 30 responses were received. A particularly high rate of 
response was achieved from the Client and Specialist Framework Contractors. A low rate of 
response was given by the Supply Chain Partner. It can be inferred from this that there was 
less interest on the part of the Supply Chain Partner in supporting the research. A reason for 
this could be a lower level of involvement of this group in the framework, particularly in the 
values and culture espoused by the framework Community, or a lack of interest in the issues 
covered by the research. However, the response rate was representative of the framework 
as a whole since responses from the entire population of companies involved were received.  
 
The questionnaire used a number of input techniques including tick boxes, Likert Scale, 
ranking and open ended questions. Open questions were analysed in terms of themes, with 
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descriptive statistics used to provide a general overview of the results. Inferential statistics 
were used for closed questions to compare the responses from the client with the other 
groups in the Community to identify any significant differences in attitudes.  
 
The results of the survey are discussed under the sections that the questionnaire considered. 
 
Respondent background information 
 
Responses were grouped into Client and Community, with Community representing 
contractors, construction managers and supply chain partners. Completed questionnaires 
were received from all companies, thus it is deemed the responses are representative of the 
views of all members of the CMF: 70% of responses were from contractors, 10% from the 
client, 10% from construction managers and 5% from supply chain partners. The remaining 
5% was received from others, namely the CMF manager who is independently employed by 
the HA. Prior to joining the CMF, most of the respondents had either 1 to 5 years experience 
using construction management as a procurement method (48%) or no experience at all 
(43%). Most respondents had been involved in more than seven construction projects in the 
CMF. The majority of respondents spend 2-3 days a month on non-project specific activities, 
including meetings and work for “off-line” groups (eg Culture Group, Measurement Group, 
etc.) (44%). 
 
Measuring best value 
 
In answering the question: “what is best value?” many respondents included cost, quality and 
time. Cost was mentioned in most of the answers, although this was mostly used in terms of 
“fair price”, “reasonable cost”, “optimum cost” and “value for money”. Safety was mentioned 
in 10 of the 30 answers, in that best value included carrying out the works safely. Meeting the 
client’s needs was also raised by seven of the respondents, emphasising a focus by the 
Community on the role of the client in setting objectives and expectations.  
 
Respondents were then asked to rank the requirements for delivering best value which they 
considered to be the most important to the client. The options given were as follows. 
• Free from defects on completion 
• Delivered on time 
• Delivered within budget 
• Fit for purpose 
• Low construction costs 
• Pleasing to look at 
• Short construction period 
• Supported by worthwhile guarantees 
• Satisfactory life of repair 
• Low maintenance cost 
• Minimal disruption to the public 
• Other (safety was specified by 1 respondent). 
 
Responses showed that the client perceived a solution fit for purpose to be the most 
important criteria, followed by delivering within a budget, then minimal disruption to the 
public. The Community identified delivering within budget as the most important criteria, 
followed by causing minimum disruption to the public, and then delivering on time. The 
client’s top response of a solution fit for purpose was ranked fourth by the Community (see 
Figure 2).  
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To measure the difference in ranking between the client and other groups, the Spearman 
(rho) correlation was used. In this case, the value of rho was 0.75, which for 9 factors, is 
greater than the critical value of 0.683 for P<0.025. Thus, with less than a 2.5 per cent 
probability that the correlation was due to a chance distribution of results, the hypothesis that 
the factors for delivering best value to the client differ for the client and the remaining of the 
community can be rejected; concluding that the difference in opinion between the client and 
the remaining community is not significant. 
 
Respondents were then asked to rank the KPIs used by the Community in order of how 
important the KPI categories are to achieving best value. In this case, the rho value of 0.400 
was less than the critical value of 0.600 for P<0.05, concluding that there was no correlation 
between the rankings given by the client or the remaining community. Thus there would 
seem to be some disagreement regarding the importance of the current measures being 
used as key performance indicators in delivering best value.   
 
Safety was seen to be the most relevant output goal to the Client, while it was ranked third by 
the Community; the Community ranked cost predictability the most relevant, ranked second 
by the Client. While there was some agreement regarding these two output goals, there was 
a larger difference in opinion regarding time predictability (the Community’s second ranking 
which the Client ranked sixth) and defects and customer satisfaction (both ranked third by 
the Client, but only ranked seventh by the Community).  
 
The response of the most important requirements to the client for delivering best value, and 
the KPIs most important to achieving this, were then compared to see if respondents were 
consistent. The responses were aligned as follows. 
• Fit for purpose = client satisfaction with product 
• Within budget = cost predictability and predictability of accruals forecasting 
• Minimal disruption to the public = customer satisfaction and client satisfaction with 
service 
• On time = time predictability 
• Minimum whole life cost = lean pricing 
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• Defect free = Free from defects 
• Safety = Safety 
 
These results of which output goals were relevant to achieving best value were compared 
with the responses to the requirements important to the client in delivering best value using 
the Pearson product moment correlation coefficient.  The correlation coefficient of -0.07 for 
the Client responses highlighted the fact that there was a low level of correlation between the 
responses given earlier by the client regarding the requirements for best value, and the 
measures relevant in achieving best value (the critical value for P<0.05 is 0.4793). This 
summation could be a result of the researcher’s interpretation of how the goals align with the 
requirements, however, in terms of delivery on time, there would seem to be a valid cause for 
pointing to the respondent’s inconsistency in ranking this third for requirements important to 
the client, but only sixth as an output measure relevant to achieving best value. If fitness for 
purpose / optimum solution equates to client satisfaction, the inconsistency is even greater, 
with the former ranked first in terms of requirement important to the client, but the latter 
ranked equal last. In terms of the response to safety, which scored the highest ranking on 
relevance of output goal but lowest in terms of requirements for best value, the basis of 
inconsistency is less valid, because safety had not been offered for selection in the question 
for requirements of best value. There was agreement between the two questions in terms of 
delivery on time and time predictability, these ranking second for both the question of 
important requirement and relevant output goal.  
 
The correlation coefficient for the Community was higher than for the clients, with a 
coefficient of 0.44, which was just less than the critical value of 0.4793 for P<0.05. Again, the 
inconsistency could be due to the researcher’s interpretation of how the output goals and 
best value requirements align, as well as the fact that safety was not included in the question 
ranking requirements for best value. Overall, however, there was greater consistency in the 
responses given by the Community, than by the Client, with agreement that delivering within 
budget was the most important requirement in delivering best value, and measuring cost 
predictability was the most relevant output goal.  
 
When asked to score the appropriateness of each output goal, predictability of accruals 
forecasting and lean pricing was scored lowest by both the client and the remaining 
community (see Figure 2). This might explain why these measures scored low in terms of 
importance, despite the requirement for delivering within budget being a high priority for both 
parties. If the measures currently in place are not appropriate and do not sufficiently reflect 
the goal, it is unlikely they will be thought of as relevant.   
 
In questioning each group as to the importance of the various parties involved in the 
Community, the Specialist Framework Contractor was seen as most influential, followed by 
the Construction Manager by both the Client and Community. The Client saw itself as having 
the least impact on achieving best value; however this view was not shared by the 
Community, who ranked the Client higher than Supply Chain Partners. Reasons for the client 
ranking themselves least important in achieving best value are not known, and may be a 
focus of further investigation. 
 
CMF Performance 
 
Respondents were asked to provide a score for the performance of the CMF against the 
KPIs. From these results, performance in terms of cost and time was seen to be the worst 
areas in terms of the KPIs; performance was seen to be best in safety and client and 
customer satisfaction (see Figure 3). The Community perceived their performance outputs to 
be better than the client rated this to be; scores given by both the Client and Community 
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were lower than the actual scores for KPIs measured on the various schemes undertaken in 
the CMF in 2005.  
 
In discussion of KPIs that should be excluded from the measurement, predictability of 
accruals and lean pricing were mentioned three and four times respectively. Lean pricing 
was seen as an inappropriate measure of cost, with the current form of measurement being 
ineffective as prices are not set against competition, but are benchmarked against a form of 
procurement that is driven by competition. Accruals forecasting was also seen as a sub-
measure of cost, and was argued by one respondent as an inappropriate term for what is 
really predictability of spend and accurate forecasting of expenditure, rather than forecasting 
of accruals (accruals being an accountancy term for work carried out but not yet paid for). 
These comments would suggest that in reviewing the output goals, emphasis should be 
given to the measures of cost, lean pricing and accruals forecasting, to effectively measure 
the competitiveness of procuring work through the CMF. 
 
 
 
Not all respondents agreed that CMF as a procurement route achieves the best results for 
the output goals that the Community measures itself on (see Figure 4). Accruals forecasting 
and lean pricing in particular did not score well amongst the Community as goals that are 
achieved through the use of construction management. Most significantly perhaps, the client 
did not view the CMF an effective form of procurement for achieving cost objectives or 
delivering work that is free from defects. However, it did see the CMF as a way of delivering 
to time requirements and predicting accruals. 
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Respondents were asked what form of procurement was best suited to the four different 
categories of work procured by the HA: maintenance, renewals and improvements, work in 
sensitive locations, and short term contracts. The CMF scored well for renewals and 
improvements schemes, and projects in sensitive locations. However, two responses chose 
other forms of procurement as being best suited to carry out renewals and improvements 
work, which is the category of work where it is currently being used. Both responses were 
from specialist contractors; one chose PFI as being a better form of procurement for this type 
of work, the other pointing to management contracting as the better procurement route. Of 
the Client’s responses, construction management was indicated as the best suited 
procurement route for this type of work.  
 
Working in the CMF 
 
Finally, respondents were asked what the advantages were to working within the CMF 
Community. There were two parts to the question: firstly, what they thought the advantages 
would be in theory; and secondly, what the advantages are in practice. In most cases, the 
reality did not meet the expectations of the Community, particularly in predictability of 
workflow and opportunities outside the HA (see Figure 5). However, in the case of improving 
their organisation’s performance and creating better relationships with other contractors, the 
actual outcome was better than expected. For the client, there were more instances where 
expectations were matched in practice, with the benefits of having a better relationship with 
contractors being greater in practice than anticipated. However, there were some areas 
where the practice had not met expectations for the client as well, including early contractor 
involvement (ECI) and innovation. ECI is promoted by the CMF Community as a key feature 
for delivering best value. It is a process where the Construction Manager, Designer and 
Contractors involved in a scheme meet at various stages during the design stage, allowing 
the Contractor to provide input into the buildability of the scheme at an early stage. A further 
area of study could be conducted to see where it is important to improve practice achieve 
best value. This would enable the Community to focus on improving those areas to reap 
greater benefits. 
 
 
When asked what the future potential of the CMF is for the highways construction industry, 
responses ranged from massive potential and it should be the preferred method of working 
for the whole of the HA, to very little potential until there is a genuine focus on performance. 
This last comment was the only negative comment; 16 positive comments were received 
from the total 27 responses (3 respondents did not answer this question). However, of the 16 
positive responses, five believed further improvement was still required. The remaining 10 
respondents withheld judgement on the future potential, pointing to the need for improvement 
before any potential is realised or otherwise. 
 
Other Studies 
 
While this research canvassed the opinions of the people involved in the CMF, an 
independent study commissioned by the HA has compared the CMF to the Works 
Framework Contract (WFC) currently in operation in the south east of England, covering 
Areas 3, 4, 5, 6 and 8 (Halcrow Group Limited, 2006). The WFC operates on a similar 
contract as the CMF; that is, a cost reimbursable basis against an agreed target cost. 
However, the WFC comprises five main contractors with their own supply chain, delivering 
projects in relative isolation, working across five HA Areas (Halcrow Group Limited, 2006). 
The study reports that the CMF shows an efficiency saving of 5.11% when comparing actual 
cost to the final agreed target price, while the WFC shows an efficiency saving of 3.38% 
(Halcrow Group Limited, 2006, p13). The report concludes that the CMF delivers realistic, 
accurate target costs, with most projects delivered at below the target; furthermore, it praises 
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the framework for creating a delivery group that acts as a single supplier tailored to meeting 
client objectives (Halcrow Group Limited, 2006).  This report would seem to have a more 
optimistic outlook on the CMF than the research might show, and generally agrees with the 
respondents of the research that there are real benefits to this type of procurement 
arrangement and it is well suited to the type of work it is currently being used for. 
 
 
 
Conclusions 
 
The research shows there are benefits associated with using the CMF for highways 
maintenance, however, there are definite areas of improvement that have been highlighted. 
These include aligning best value definitions so that all are agreed on what constitutes best 
value, and aligning measurement to the best value definition. For the CMF, this includes 
removing the measures for: company performance, process development, pricing procedure, 
predictability of accruals and lean pricing. Further goals that should be considered for 
inclusion are: value management, clear brief/clearly identifying the problem to be addressed, 
agreement to measures/client expectations, effect of road works on congestion and quality.  
 
Measures for cost predictability, customer satisfaction and company performance, if these 
remain on the measurement agenda, need to be reviewed to better reflect actual 
performance. Greater effort should be given to improving performance in: identifying the 
optimum solution, integrating the supply chain, cost and time predictability and lean pricing.  
 
If the CMF is to improve its potential in achieving output goals, it needs to be more effective 
in achieving cost objectives and delivering work that is defect free. It also needs to improve 
the relationships between various parties, particularly where good relationships may not be 
so easy to build, but are important to the delivery of best value.  
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To achieve the expectations of the client, the CMF needs to improve in the areas of 
innovation and ECI, demonstrating how these tools do actually provide best value to meet 
the client’s expectations. From the client’s side, better predictability of workflow is required by 
the specialists. In particular, the latter is an area to be considered when establishing any 
framework as the problems involved with irregular workflows are a source of discord for 
contractors. 
 
Scepticism regarding framework contracts based on a cost-reimbursable contract is 
prevalent across the construction industry. However, this case study shows that there are 
real benefits to be gained through forming and maintaining relationships, facilitated by a non-
adversarial environment. The sample involved in the research appear to have been open in 
their responses; there has not been as positive an endorsement for the framework as might 
be expected and constructive criticisms aimed at improving the current contract for the 
benefit of all parties have been provided. It has been acknowledged that a focus on 
performance is lacking, however, actual measures of performance are higher than perceived 
– possibly this is evidence that a culture of continuously improving drives the need for 
improving performance and promotes the belief that performance can be bettered. The CMF 
has been independently praised in a study commissioned by the HA (Halcrow Group Limited, 
2006) and the members of the framework can build on its success by focussing on delivering 
to a shared definition of best value.  
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ABSTRACT 
Over the last decade, there has been a growing emphasis on collaborations and partnering 
in the construction industry. This has been embraced in the highways maintenance sector, 
with partnering promoted by the client, leading to the formation of alliances and partnering 
frameworks. One of these is the Construction Management Framework, the preferred 
method of procurement for major maintenance projects in the Highways Agency’s Areas 9 
and 10. This paper compares two road and structure renewals schemes carried out using the 
Construction Management Framework. The first scheme was carried out in 2004 as one of 
the first of its type to be carried out by the Construction Management Framework; the second 
was a similar project carried out in 2006. Documentation of the two projects was reviewed to 
identify the benefits that were gained through working in collaboration, and if there was an 
improvement in performance as the framework became more established. The research 
considered key performance indicators, including cost and time predictability measures, 
respect for people surveys, innovations and lessons learned discussed at the time of the 
projects, and instructions for changes to works information. Data collected from both 
schemes shows improvements in measurement and culture fostered by the Construction 
Management Framework, and the advantages of the processes used are illustrated. 
 
1. INTRODUCTION 
The Highways Agency (HA) was created in 1994 as an executive agency to manage and 
maintain England’s motorway and trunk road network, a role that had previously been 
undertaken by local and central government.1 When the HA was first established, there were 
91 separate agency agreements in existence for works on the network that included routine, 
winter and capital maintenance, as well as inspections of the network, accident and incident 
investigation and data provision.1 In 1996, the HA responded to demands for greater 
efficiency in the public sector by opening its agreements to competitive tender from both the 
public and private sectors, and reducing the number of agreements to 24; this was later 
further reduced to 20 and is currently established at 14 HA areas.1 Each HA area has an 
area team and a contractor, known as the managing agent (MA) or managing agent 
contractor (MAC), who are responsible for maintaining the roads within the area, up to works 
costing £5 million.2 Projects costing more than this are the responsibility of the Major Projects 
Directorate, or may be managed under a private finance initiative.2  
 
The Construction Management Framework (CMF) was established by the HA in 2002 to 
carry out highways major maintenance and renewals work in two of the HA Areas: 9 and 10. 
The CMF is defined as: ‘A collection of companies and organisations, bound together by a 
series of collaborative processes and principles that have formed a unique ‘Community’ 
delivering a service to the Highways Agency under the route of Construction Management in 
Areas 9 and 10’.3  
 
This paper considers two projects undertaken by the CMF in Area 9. Both schemes were 
undertaken on a 1 km stretch of viaduct in the Birmingham area. The first project, P1, was 
undertaken in 2004 on the southbound carriageway of the viaduct, involving the removal of 
the existing surfacing and waterproofing, repairs to the concrete deck, replacement of the 
waterproofing and surfacing works, including installation of asphaltic plug joints. The works 
were carried out under a 2x2 contraflow (two lanes flowing in each direction) with all traffic 
diverted onto the northbound carriageway allowing work to be carried out under a full closure 
to public traffic. The project was one of the first to be carried out by the CMF in Area 9, and 
the project team had not worked together before. 
 
 
The second project, P2, was undertaken in 2006 on the northbound carriageway of the 
viaduct, and, in principle, involved the same work carried out on the opposing side 2 years 
earlier. By this stage, the CMF had completed a number of schemes in Area 9, and the same 
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team of designers, contractors and construction manager had worked together on two 
previous projects. 
 
The research compared the two projects which are part of a programme of works carried out 
using the CMF. These two projects were specifically chosen as examples of work undertaken 
within the CMF because they were similar works which were easily comparable, and 
because they were undertaken at different times during the life of the framework. P1 was 
carried out when the framework was first established and processes and relationships were 
new, whereas P2 was carried out 2 years later when these were more developed (see Figure 
1). The research was performed to identify any improvements from the first project to the 
second, to identify whether there are benefits to using the CMF model for repeat projects and 
also to look at lessons learned, how these are captured and used to improve performance. 
 
 
 
The assessment includes a review of the key performance measurement (KPI) results from 
both projects, which encompasses customer and client satisfaction, predictability of time and 
cost and site safety. In addition, a comparison of the cost and duration of the projects is 
made, with an index applied to take into account inflation. The lessons learned and 
innovations discussed during the projects have been compared. ‘Respect for people’ surveys 
were carried out on site to gauge worker satisfaction, and these have been compared for the 
two schemes. Finally, communications on site are recorded on a site record system, and this 
includes early warning which may result in a compensation event. The number of changes to 
works information have also compared as well as the value of compensation events resulting 
from these. 
 
2. BACKGROUND TO THE CMF 
In 2001, the HA published a procurement strategy identifying good procurement practice and 
good relationships with their supply chain as essential to its business of providing services to 
road users.4 The strategy was developed following a review of a number of reports, starting 
with the Latham report5 and ending with the National Audit Office report: Modernising 
Construction.6 These reports, with others, identified the need for improvements in the 
construction industry, and pointed to long-term relationships with and between clients and 
their supply chain to replace competitive tendering.7 Within the procurement strategy of the 
HA, there was a recommendation for forward planning over a 3 year period of regional road 
and structures works (these being projects costing above the threshold for maintenance 
works, i.e. £500000 for MAC contracts, and below £5 million), and then for these works to be 
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packaged together and procured through framework arrangements. The use of frameworks 
was identified by the HA as providing better value for money than the procurement of 
projects on an individual basis, and where an adequate workload of a consistent and 
continuous nature exist, it was recommended that frameworks are used, this being done on 
an area and regional basis.3 
 
The procurement strategy was written after two construction management pilots, where the 
HA entered into direct contractual relationships with specialist trade contractors, and a 
construction manager was employed for the overall management and coordination of the 
projects (Figure 2).8 In the first pilot, the specialist contractors were given the opportunity to 
provide input to schemes at design stage in an early contractor involvement (ECI) process. 
The KPIs were established at the beginning of the first pilot, with these including measures 
beyond cost, quality and time objectives, such as client involvement in the project, and the 
sharing of knowledge, expertise and resources between designers and contractors.8 To 
capture knowledge gained from the project, project performance was reviewed on completion 
of construction and key lessons learned were recorded.8 These initiatives were broadened in 
the second pilot, where companies were selected to participate in the scheme based on an 
80/20 quality/price basis, with quality including an assessment of company  attitude to 
partnering, and a self-supporting ‘Community’ was formed, with various groups set up to 
guide the Community, including a board, issues group and measurement group.9  
 
 
 
The pilots were seen to be successful, with the HA winning the Contract Journal’s Client of 
the Year award in 2001 for its work in the two schemes.9 It was decided construction 
management would be used for the delivery of road and structures renewal projects in Areas 
9 and 10 covering parts of the West Midlands and the North-west; the 4 year contract began 
in 2002. The contract was based on a modified version of Option C of the New Engineering 
Contract (NEC): Option Beta based on target cost, with special conditions including a 
requirement for specialist framework contractors to contribute to continuous improvement 
and innovation.10 Construction management was used as the procurement route, so that 
separate contracts existed between the HA and each specialist framework contractor, the 
construction managers and the designers. An extension was granted in 2006, so that the 
contract would end in 2009.  
 
At the beginning of the contract, the various companies comprising the framework formed a 
Community guided by ‘offline’ groups for culture, measurement and processes to formulate 
and disseminate procedures and practices aligned with the shared vision of the Community.8 
This would ensure practices on CMF projects were consistent, although project teams and 
types of works differed. Providing this consistency has allowed comparisons across schemes 
to be made, and trends through time could be monitored.  
 
The CMF is one of four HA frameworks currently operating, the others being: the South East 
Framework for Highways and Structures (for Areas 3, 4, 5, 6 and 8); the Midlands Works 
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Framework 3 (for Areas 7 and 11), and the Area 12 Works Framework. The frameworks all 
adopt the HA’s procurement practices of quality/price contractor selection and contracts paid 
on a cost reimbursable basis against an agreed target price; however, the CMF differs in that 
it is a community of companies covering a number of specialisms that have attempted to 
cultivate a uniform culture and shared practices, with specialists working on a level platform 
with designers and the construction manager because of their direct contractual relationship 
with the client. Frameworks operating in other parts of the country consist of four or five main 
contractors with their own supply chain; in the case of the South-East Framework, five main 
contractors comprise the framework, working across five HA areas and delivering projects in 
relative isolation.11 The CMF presents opportunities for shared learning and continuous 
improvement through the creation of the ‘offline’ groups and organised Community forums 
and workshops, as well as raising contractors of second-tier supply chains to first-tier 
specialist framework contractors, giving the client easier access to supply chain expertise. 
 
3. KEY PERFORMANCE INDICATORS 
In 2002, the off-line measurement group within the CMF Community established 12 key 
performance indicators, 10 of which are: 
 
(a)  customer satisfaction 
(b)  site safety 
(c)  time predictability 
(d)  cost predictability 
(e)  predictability of accruals forecasting 
(f)  defect free work 
(g)  client satisfaction with product 
(h)  client satisfaction with service 
(j)  road traffic accidents 
(k)  final account settlement. 
 
The KPI results for the two schemes are shown in Figure 3, which includes sub-measures for 
customer satisfaction, site safety, time and cost predictability and final account settlement. All 
scores were marked out of 10. Some scores were subjective, with some adjudication by the 
measurement group; however, it should be noted that the measurements were completed by 
the same group of people in both schemes, thus allowing for consistency in the judgements 
made.  
 
In research carried out regarding the delivery of best value in projects procured using the 
CMF, some measures were considered to be more important than others.12 The results of a 
questionnaire sent to those companies included in the CMF showed differences in what the 
client regarded as important, and what the remainder of the parties involved (namely the 
construction manager, specialist framework contractors and supply chain) regarded as 
significant. There was agreement that cost predictability and safety should both be given the 
highest consideration; however, following this, there was some discrepancy. Customer 
satisfaction, defect-free work and lean pricing were then thought to be important by the client; 
for the remainder of the Community, predictability of time, client satisfaction with service and 
client satisfaction with product were thought to contribute significantly to delivering best 
value. 
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From the results of the measurement, there are improvements shown from P1 to P2, 
particularly with regard to time predictability. For example, in P1, the actual duration of the 
construction phase was 34% longer than that predicted at the client’s commitment to invest 
point (following feasibility and value management of the scheme), producing a KPI score of 
3.9. In P2, the team improved on this by completing the construction phase within the 
predicted duration, thus achieving a KPI score of 10. The other measures for time 
predictability (of design, pricing and overall) also improved to the extent that every phase 
was delivered within the duration predicted at the commitment to invest point in P2, where 
this was not achieved in the first scheme.  
 
While time predictability was identified by the construction manager, specialist framework 
contractors and supply chain as contributing significantly to delivering best value but not by 
the client, it is inevitably associated with cost predictability, which is agreed to be significant 
by the parties surveyed. The results show a decrease in KPI scores for four of the five cost 
predictability sub-measures from P1 to P2. The lowest score for both P1 and P2 for cost 
predictability was assigned for the cost of design; in both schemes the cost of design was 
lower than that predicted at the client’s commitment to invest point, and the variance was 
larger in P2 than in P1. The scores for estimating the overall out turn cost (including design, 
works and supervision costs) were slightly lower in P2 than in P1 for three of the four sub-
measures, with an improvement shown in P2 where the actual out turn cost was within 
0.16% of the estimated out turn cost at agreement of the target price (awarded a KPI score 
of 10). However, cost predictability for both schemes was good, with all variances below 
10%. The HA’s NEC Option Beta contract used for the CMF allows for a contractor’s share, 
often referred to as the pain/gain mechanism. For CMF schemes, the maximum contractor’s 
share percentage is awarded when the works cost is within 10% of the agreed target price, 
and this is seen to be a driver for achieving better cost predictability in schemes. 
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Taking into consideration the client’s opinion of the most important measures in delivering 
best value, P2 showed improvement compared to P1 in site safety with zero accidents 
reported during the second scheme. However, under-reporting of accidents has been 
highlighted as an inadequacy of using accident statistics as a performance measure,13 the 
CMF Community makes efforts to overcome this by encouraging the reporting of accidents 
and near hits through inductions and workforce toolbox talks. 
 
For the client’s next two most important measures, customer satisfaction and defect-free 
work, there was also an improvement in the later scheme. This illustrates that clear 
improvements were shown in three of the client’s four most relevant goals, with some 
improvement in cost predictability; an indication that in areas seen to be significant to 
delivering best value by the client, improvements were visible when carrying out similar 
works using the same project team, 2 years later. 
 
4. TIME AND COST ACTUAL DATA 
While the KPIs measured predictability of time and cost, data from the two schemes can be 
compared to see if there were any actual savings made in these two areas. A comparison of 
the durations for the design, pricing and construction phases of the two projects is shown in 
Figure 4; a comparison of the costs is shown in Figure 5. 
 
The comparison of durations (Figure 4) shows that the total duration of the second scheme 
was slightly shorter than the first; however the design and construction phases actually took 
longer on P2. For the design, this may be a reflection of the measure, which took into 
account the start and end dates of the design and measured the time between the two dates. 
In reality, the duration of the design was less important than actually completing the design 
phase on time. The KPI measure for percentage variation of the duration of the design phase 
showed that a maximum score of 10 was achieved (see Figure 3); thus the design phase 
was completed within the duration predicted at the client’s commitment to invest point, 
suggesting that the focus during this phase was maintained on the date that the design was 
required for the pricing phase.  
 
The comparison of the two schemes shows an obvious improvement in the duration of the 
pricing phase in the second scheme compared to the first scheme. Pricing in P2 took just 
41% of the time taken in P1 to complete this phase. This contributed significantly to the 
reduction in overall duration of P2 compared to P1, compensating for the longer duration of 
the design phase in the second scheme.  
 
Figure 5 shows a comparison of actual costs of the two projects. The retail price index 
(RPI)14 was applied to the P1 figure for the design phase to take into account inflation in 
employee rates, as the majority of the cost of design was man hours. Although some site 
investigation was allowed for, the two separate figures were not known, so the RPI was 
applied as a conservative figure. From the second quarter of 2004, to the second quarter of 
2006, the RPI rose by 6%. To compare the construction costs of the two schemes, the road 
con index15 was applied to the P1 figure to take into account labour and materials. The 
results of the comparison of costs of the two schemes shows the cost of the design and 
construction of the P2 scheme was 2% lower than the cost of the P1 scheme. This was 
largely attributable to the lower cost of the design of P2, which was 50% of the design cost of 
P1.  
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5. COMPARING LIKE-FOR-LIKE SCHEMES 
In comparing actual data of the construction phase of the two schemes, the results show that 
P2 increased by 2.5% over P1, and the cost increased by 1.4%. However, in examining the 
breakdown of the construction costs, there were some differences between the two projects. 
The actual cost of the like-for-like construction, with costs deducted for works that were not 
duplicated on both schemes is shown in Figure 5.  
 
Works included in P1 that were not required for P2 were: construction of crossovers (since 
these same crossovers were used in P2 and therefore no further construction was required), 
and electrical works (including the removal of lights and light posts from the central reserve 
at the crossovers, and installation of lights in the verges of both carriageways). The cost of 
carrying out these works was deducted from the construction cost of P1. 
 
Works included in P2 that were not required for P1 were: use of average speed cameras to 
record average speed of members of the public past the site works (to improve safety for 
road workers and maintain traffic throughput), installation of a gate in the crossover, and 
works as part of other schemes, including movement of steelwork for facilitate access under 
the viaduct, remedial works to plug joints and works to incorporate a future scheme for hard 
shoulder running through the site.  
 
Some of the costs included in P2 were not directly related to the scheme; including these 
costs as a method of payment for these works was facilitated by the chosen procurement 
route. An advantage of working with the CMF identified by the client was the flexibility offered 
in taking on works outside the original scope. Adding extra work to a CMF contract using the 
traffic management and resources provided for in the original scheme reduced costs and 
afforded a speed of delivery not otherwise possible.  
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Deducting the costs for the work not duplicated in both schemes allows a comparison of like-
for-like schemes to be made. On this basis, it can be identified that a saving of 6.8% for 
design and construction costs is visible on P2 when compared with P1. If the exercise of 
comparing the durations for carrying out like-for- like work is done, the programmes of the 
two schemes in terms of the time from opening to closing of the crossovers show a 13% 
saving in time was achieved in P2.  
 
In summary, this scheme demonstrates savings of 6.8% in design and construction costs 
and 13% in time of like-for-like construction, that has been achieved using the same team of 
designers, specialist framework contractors and construction manager who have built up a 
relationship over 2 years within the organisation of the CMF Community. 
 
6. CHANGES IN WORKS INFORMATION 
All communications on the CMF sites were undertaken using a site record system. Every site 
record was entered onto a register which identified if the communication was an early 
warning. In line with the NEC early warning procedure, it was noted whether the early 
warning formed a compensation event, in which case an instruction to submit quotations was 
formalised. Quotes were then received from the specialist framework contractor and the cost 
A study of a collaborative framework arrangement for highways renewals schemes 
140 
was added to the agreed target price (or deducted from the target in the case of a negative 
compensation event).  
 
Under the NEC contract, compensation events apply to changes made by the employer and 
to claim type issues.10 The NCE contracts used in the CMF are cost reimbursable against 
an agreed target price, which means compensation events acknowledge changes to time 
and cost, and allow the target price to move in line with those changes. This reduces the 
attraction for contractors to submit dubious claims and encourages prompt attention to issues 
and settlement of accounts. 
 
In P1, there were 193 compensation events; in P2, there were 65 compensation events, 34% 
of the number of compensation events raised in P1. This could indicate: far fewer changes to 
the works were instructed in P2 than in P1, possibly due to the greater certainty achieved in 
P2 having already completed P1; a shift in mentality and culture from a conventional 
contracting environment where claims were submitted in an attempt to increase profits to a 
more co-operative relationship in solving problems and agreeing a way forward.  
 
In addition, the ECI process established in the first CM pilot was well-established by the CM 
Community when P2 was developed. The ECI process allows specialist framework 
contractors to give input to the scheme design to develop the optimum solution with the 
designers. Establishing the ECI process for P2 meant that specialist framework contractors, 
the designers and the construction manager, having already established a working 
relationship on P1, were able to share knowledge and experience to contribute to the best 
solution for P2, including the lessons learned from the first scheme. This meant the design 
was well developed for the construction phase, thus reducing the need for changing the 
works information on site. 
 
7. INNOVATIONS AND LESSONS LEARNED 
Providing innovations was promoted by the CMF as a way to create client value.6 An 
innovation register was established on every CMF scheme at design stage and continued 
through the construction phase. The register detailed the innovation, or good idea, including 
the benefits it provided and the value of the innovation, which should have included a cost 
saving if relevant. Innovations were encouraged from the workforce with posters on site and 
prizes determined by individual sites. At design stage, innovations registers from previous 
schemes were reviewed so that any suggestions that were applicable could be considered 
for implementation.  
 
Figure 6 illustrates the number of innovations proposed and implemented on P2. There were 
13 innovations proposed during P2, of which eight were implemented; one of these was 
proposed during the design stage, with the remaining number in the construction phase. In 
addition, eight innovations that had been implemented in P1 were employed in P2 and a 
further five innovations from other CMF schemes, which were identified as being good 
practice, were used on P2.  
 
In P1, there were 14 innovations proposed, of which 13 were implemented. As P1 was 
undertaken early in the life of the CMF, no other innovations were shared from the CMF or 
previous schemes. However, the implementation of 21 innovations in P2 indicates the 
opportunity for pooling innovations from previous schemes, both similar and diverse across 
the CMF, and assessing their suitability to future schemes for implementation of those that 
will provide value. Savings from the innovations implemented in P2 were valued at around 
£250 000: 5% of the construction cost of the project.  
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A significant innovation implemented in P2 was the use of average speed cameras, which 
measured the average speed of drivers between two points, with the intention that a 
consistent safe speed was maintained. While there was a large expense attached to 
implementing the cameras, the need to slow traffic past the worksite as a safety issued was 
identified in P1, and the flow of traffic was improved. Road traffic accidents recorded within 
the site numbered 12 during P1; this fell to seven in P2. This may be some indication of the 
effectiveness of the average speed cameras in reducing traffic accidents by providing a 
steadier traffic flow. 
 
On completion of P1, 36 key lessons learned were identified. These were categorised as: 
health and safety, planning/design stage, construction, planning during construction and 
working as a team. Eighteen of the lessons learned were areas that could have been 
improved, while the other 18 were practices on site that had a positive effect, and provided 
guidance for other sites. 
The lessons learned that highlighted areas that could have been improved included: storage 
of materials on site should be better planned to make best use of the available space; 
permits to work should be discussed at the beginning of a scheme so that systems are in 
place from start; the scope of emergency works (responsibility for carrying out emergency 
works, e.g. patching of potholes, and limits of areas of responsibility) should be discussed in 
detail prior to scheme start; protection to areas affected by the works (but not included in the 
works) should be determined at the ECI stage; and lessons learned should be discussed on 
a weekly basis as a team, rather than at the end of the scheme.  
 
There were nine key lessons learned that were identified on completion of P2, with the 
majority of these being actions that had been undertaken during the scheme which showed a 
benefit. Only one lesson was the result of an area identified for improvement on site. Many of 
the lessons learned from P1 were addressed in P2, including those described above. In 
addition, the lesson learned from P1 were communicated to the CMF Community as good 
practice and adopted on other schemes.  
 
In reviewing and implementing practices to address lessons learned from P1, an 
improvement was demonstrated in the second scheme with the recording of one lesson 
learned resulting from an area that showed some failing; a significant improvement on the 18 
lessons learned identified in the first scheme. This improvement was a particular indication 
that use of the same team of designers, construction manager and specialist framework 
contractors helped to avoid problems encountered on the earlier scheme. 
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8. RESPECT FOR PEOPLE 
A respect for people survey was carried out as one of the processes conducted as part of 
CMF projects, approximately 1 month into the construction phase of each project. The survey 
consisted of 34 questions, separated into three categories: respect, integrity and reliability. 
Each question was given a score from 0 to 5 by the respondents, with 0 marked for strongly 
disagree, and 5 for strongly agree. Surveys were issued to all on site, including operatives, 
supervisors and managers, and it was intended that the survey would reflect the standard of 
the site in terms of the way people felt they were being treated. When areas for improvement 
were highlighted, it was expected that management on the site would formulate an action 
plan for improvement, and, if appropriate, another survey might be carried out, particularly on 
projects of longer duration (6 months or more).  
 
The results of the respect for people surveys carried out on Q4 both scheme is shown in 
Figure 7. The results mainly demonstrate an improvement from P1 to P2, with higher scores 
achieved in P2 for 85% of the questions. For the three sections of respect, integrity and 
reliability, the average scores were: 4.16, 4.09 and 4.14, respectively, for P1, and 4.26, 4.20 
and 4.24 for P2; thus showing an improvement in each section from P1 to P2.  
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The results of the respect for people survey demonstrate that the workforce on the whole are 
more satisfied with the environment, conditions and treatment that they received on the 
second scheme when compared with the similar type of work scheme carried out 2 years 
earlier. This would suggest improvements have been made in terms of respect for the 
workforce as time has progressed. 
 
9. FINDINGS 
In examining two schemes with similar work packages, carried out 2 years apart, using the 
same project team under a framework arrangement with its own processes and procedures 
in place, improvements have been demonstrated. These are shown by the following actions.  
 
(a)  Better results of performance measures, particularly with respect to time predictability, 
site safety, customer satisfaction and defect free work, these measures being perceived 
by the client to be important to achieving best value.  
(b)  Shorter duration and lower costs when comparing like-for-like work. 
(c)  A smaller number of compensation events, indicating fewer changes to works information 
partly made possible through the ECI process. 
(d)  The use of innovations to contribute to savings in the region of 5% of construction costs. 
(e) Recording of lessons learned from 18 in P1 resulting from areas for improvement, to just 
one in P2. 
(f) Improvements in respect for people surveys in 85% of the survey questions. 
 
The comparison of the two schemes has shown that improvements have been made in the 
three cornerstones to the CMF Community: measurement, process and culture. For 
measurement, the KPI results show an overall improvement over the 2 years from P1 to P2 
with positive actual data comparisons. For processes, the advantages of implementing 
innovations and lessons learned within a framework setting have been shown, while the 
success of implementing the culture of the CMF is evident through the improved respect for 
people results. 
 
This particular case study has shown the benefits in the context of the CMF, where the same 
project team of client, construction manager and specialist framework contractors have 
worked within its contractual obligations of the NEC contract, which encourages partnering 
with a spirit of mutual trust and co-operation, with the added incentive of the HA’s Option 
Beta contract, based on a target cost with the contractor’s share to encourage savings, with 
a special condition for specialist framework contractors to contribute to continuous 
improvement and innovation. This is further facilitated using construction management as the 
procurement arrangement, where specialist framework contractors who may be more 
traditionally part of a supply chain have a direct contractual relationship with the client. The 
CMF Community has been established to develop the processes to operate the framework 
contract, and to provide a forum for learning and sharing best practice. Thus the basis of the 
framework, the contractual arrangement under which each party operates, is directed 
towards achieving continuous improvement, and this is facilitated by the Community, which 
provides the forum for knowledge sharing. Finally, the relationship of the parties involved, 
which was established in the first scheme and developed through working on subsequent 
projects, has contributed to tangible improvements and savings demonstrated in this case 
study. 
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Abstract 
 
Purpose 
This paper describes the use of the Construction Management Framework (CMF) in the 
Highways Agency’s (HA) Areas 9 and 10, and examines: how the CMF has adapted itself to 
the changing needs of the client; how it has captured and used innovation and lessons 
learnt; and how the number of companies involved has impacted on the effectiveness of the 
framework. 
 
Design/methodology/approach 
The research compares the advantages and disadvantage of frameworks as reported in 
literature with the case study of the HA’s CMF. The Framework is examined in terms of: how 
well it met the Client’s changes / expectations; how it can be used to anticipate those 
changes; how it used innovations and lessons learnt to achieve competitive advantage; and 
how the number of parties involved in the Framework can affect the effectiveness of this 
arrangement.  
 
Findings 
The CMF in Areas 9 and 10 has formed its own “Community” and established joint 
processes, including procedures and measures that have been put in place following 
changes in HA policy. The innovations process used in the CMF shows that savings of 6.3% 
on average can be made with clear benefits resulting from the lessons learnt. Finally, it is 
recommended that the selection of specialisms in the framework should be considered 
carefully, taking into account the likely workload over the anticipated life of the framework in 
terms of continuity and percentage share of construction works for each specialism. 
 
Practical implications 
This research provides a model of the CMF that can be used in other HA areas. Presenting 
the CMF model will: allow better informed decisions to be made on whether or not to adopt 
the CMF; help identify how many specialist contractors are to be included; and raise 
awareness of some of the potential pitfalls. 
 
Originality/value 
This paper presents a review of an application of the HA’s CMF, an innovative long-term 
collaborative working arrangement. The CMF is an option for delivering highways major 
maintenance and renewal schemes which is expected to be extended to other HA areas. 
This paper also helps to identify how this option can be best implemented. 
Keywords 
Framework, Long-term, Partnering, Construction Management, Highways, Innovation, 
Lessons Learnt 
 
Paper type 
Research paper 
 
 
Introduction 
When the Highways Agency (HA) was established in 1994, it was using traditional methods 
of construction which were providing poor results in terms of time and cost predictability and 
creating adversarial relationships between the client and suppliers. In the early 1990s, the 
outturn cost of projects was on average 24% higher than original tender price and continued 
to rise to 40% towards the end of the decade for projects procured conventionally (NAO, 
2001). Consequently, the HA began to explore more innovative forms of procurement and 
took the decision in 1998 to pilot Construction Management (CM) in conjunction with 
partnering in the delivery of major maintenance and improvement work (CMF, 2003).  
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The Construction Management Framework (CMF) was established in 2002 for a four-year 
period (later extended to seven years). Members of the framework have made considerable 
effort towards producing an integrated entity with formalised joint processes and gaining 
commitment to ensuring the success of the framework (Halcrow, 2006). This research 
investigates: how the CMF has adapted itself to the changing needs of the client; how it has 
captured and used innovation and lessons learnt; and how the number of companies 
involved has impacted on the effectiveness of the framework. This should provide some 
guidance to the establishment of other frameworks, in particular those using Construction 
Management in highways major maintenance and improvement works. 
 
Key issues from literature 
Collaborative working in construction has provided a vast amount of research, particularly 
since the publication of the Latham (1994) and Egan (1998) reports. Cost savings between 5 
and 30 per cent, and time savings between 10 and 40 per cent have been achieved using 
project partnering, while the use of strategic partnering, or long-term partnering over the 
duration of several projects or contracts, can save up to 40 per cent in costs and 50 per cent 
in time (Olsson and Espling, 2004). For maintenance contracts, Olsson and Espling (2004) 
acknowledge Hornfeldt, who highlighted the benefits of partnering specifically in maintenance 
contracts, where partnering can: increase flexibility in meeting the needs of the road user; 
reduce the length of time that road networks are closed or restricted for construction; lower 
maintenance costs; and increase functionality of all systems. However, some potential 
disadvantages include: a requirement for more management involvement; a reliance on the 
partnership and maintaining the value received, with competition focused on improving on 
costs or performances that are more critical to the client; and reduced advantage for non-
partnered contractors when bidding on subsequent contracts, thus leading to reduced 
competitiveness (Olsson and Espling, 2004).  
 
Walker and Hampson (2003) show that the degree of cooperation within project teams 
increases over time, therefore, the full benefits of partnering can be better realised through 
long-term partnering rather than one off project partnering. Competitive advantage can be 
better achieved where the continuous production of new knowledge is encouraged and 
supported by the partnering participants, however, it is argued that the nature of construction 
leads to discontinuous learning and feedback loops among project teams, with project based 
firms generally lacking the organisational mechanisms from sharing knowledge from one 
project to the next (Ingirige and Sexton, 2006). Thus, the most conducive environment for 
sharing knowledge and learning from project to the next is where projects are of a similar 
nature, like those in a maintenance contract, and an organisational structure is in place that 
formalises the process of capturing knowledge. 
 
A review of literature by Blayse and Manley (2004) identified six main factors that influence 
construction innovation: clients and manufacturers; the production structure; relationships 
between individuals and companies within the industry, and relationships between the 
industry and external parties; procurement systems; regulations and standards; and the 
nature of organisational resources and their quality. Establishing a framework is an attempt 
to use these factors to promote innovation. To summarise Blayse and Manley (2004), 
innovation can be fostered by using a framework so that:  
• the client can stipulate its expectation that the framework should innovate;  
• the work is packaged so that projects are continuous, enabling knowledge to develop 
during the life of the framework; relationships are built up to enhance inter-
organisational cooperation, with an aim to facilitate innovation;  
• a procurement system can be implemented that shares gains and risks, integrates 
design and construction functions, uses a single entity to manage the supply chain 
and provides incentives for innovation; and  
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• a culture of innovation can be encouraged. 
 
Most literature discusses selecting partners for frameworks and alliances in terms of aligned 
objectives, vision, culture, and a willingness and ability to partner (Humphreys et al, 2003), 
however, this assumes that the selection of contractors will be employed continuously either 
in a one-off project partnering situation, or in strategic partnering. There is little discussion 
on: the allocation of work to framework members where there is more than one contractor 
employed for a specialism; and the effect that non-continuous work has on the performance 
of the framework.  
  
Akintoye and Main (2007) recognised that, when compared to SMEs, larger contractors take 
part in more collaborative types of procurement methods such as frameworks due to the 
complexity and size of the contract, because they are more likely to have the resources to 
enter into these types of procurement arrangements. Thus, the size of a company is an 
important factor to consider in selecting contractors for a framework, particularly where 
continuity for resources is not guaranteed.  
 
Trust is an important requirement when establishing partnering relationships (for example: 
Latham, 1994, Egan, 1998, NAO, 2001) and research by Kalfan et al (2007) explored factors 
that lead to trust outside of individual behaviour. Here, project factors are considered in terms 
of project size and project complexity, with the finding that where there are less people in the 
supply chain, it is easier to manage the relationships, and there is a better understanding of 
one another’s roles and better communication with a greater percentage of people within the 
project (Kalfan et al, 2007). While larger projects allow more time to build relationships, there 
are more limited opportunities for working with some of the partners involved (Kalfan et al, 
2007). In addition a fair contract is required for trust to be nurtured; it is important for all 
parties to feel they are receiving a fair reward for their contribution, and while the research by 
Kalfan et al (2007) focused on profit levels and removing the need for the contract to be 
managed to make a profit, this could also be applied to ensuring contractors feel they are 
receiving the work they are entitled to, and are receiving an equitable share of the profit to be 
made.  
 
Methodology 
The HA are considering the option of using CMF for the delivery of major maintenance and 
improvements schemes in all new HA agency area contracts from 2008. To date, the CMF 
has only been used as a contract in Areas 9 and 10 (as one framework operating in both 
areas). To explore how the CMF can benefit the type of work it is proposed to be used for, 
and where it can be improved, the framework used in Areas 9 and 10 was adopted as a 
detailed case study.  
 
The CMF for Areas 9 and 10 has produced a large number of documents detailing 
procedures, processes, project case studies and performance in annual reports and 
newsletters. Developments in the CMF identified in the documentation was compared with 
changes in HA policy, as identified in HA publications, to identify how processes / measures 
were aligned to client expectations and the response of the CMF to changes in HA directives. 
 
The implementation of innovation and lessons learnt / knowledge transfer were examined 
through project case studies, to identify the benefits or otherwise of the techniques used to 
capture information and use in subsequent projects.  
 
A questionnaire sent to senior managers of the companies involved in the CMF was used to 
explore whether the number of partners involved in the CMF was appropriate, by identifying 
key issues of working in the CMF and evaluating issues relating to the selection of 
contractors.  
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Findings 
Summary of CMF case study 
Two pilots for the CMF were used between 1999 and 2001 before the contract was awarded 
in 2002 for a four year period (later extended to seven years) to 24 companies, including two 
construction managers and 22 specialist framework contractors, in the HA’s areas 9 and 10 
(CMF, 2003). The pilot schemes have been explored in Wolbers et al (2005).  
 
The tenders received for the framework contract were evaluated on an 80/20 quality/price 
basis, and the HA used a contract based on a modified version of the NEC Option C: activity 
schedule, with costs evaluated using derived pricing where prices for work were derived from 
resource outputs, rather than a schedule of prices (Wolbers et al, 2005). A gain/pain share 
structure was established in accordance with the NEC, allowing for a percentage share or 
loss to be allocated to specialists based on costs of individual projects against the target 
price. 
 
The CMF set up its own self-supporting Community to create an aligned vision and 
objectives and through which processes and principles would be developed collaboratively 
(CMF, 2003). A manual was produced by the Community, which detailed the processes need 
to operate the framework and which was updated on a regular basis. Offline groups for 
culture, process and measurement were formed, to develop processes within these areas, 
and to ensure conformity across the framework in implementing those (CMF, 2003). 
Subgroups for communication, innovation and safety were also established (see Figure 1). 
 
Some of the initiatives within the CMF include early contractor involvement (ECI) to gain 
input into buildability at the design stage, measurement using key performance indicators 
(KPIs), TRIPS process to evaluate time, risk, ideas, price and scope at development stage, 
respect for people surveys, innovations process and key lessons learnt at closedown (CMF, 
2003). In 2005, access to community information was allowed through the HA-Partnernet, a 
web-based ICT system (Halcrow Group, 2006). A yellow pages was developed for the 
Community, to include the supply chain, and this was posted on the HA-Partnernet, along 
with the Community Manual, available for all members to access, while postings for the 
various offline groups was open to the group members. In 2007, a pilot was undertaken for 
posting scheme specific information on the HA-Partnernet; this was extended to other 
projects where suitable. 
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Figure 1: The structure of the CMF Areas 9 and 10 
 
Meeting client expectations 
In January 2005, the HA released a document called “Customers First” that would have a 
significant impact on the focus of its business. In this document, the HA focused its 
objectives into three areas: safer roads, reliable journeys and informed travellers. To this 
effect, the “Customers First” document pledged to improve customer service through: 
improving safety for road users and road workers; tackling congestion and providing more 
reliable journeys; and providing easy access to reliable, accurate information for customers 
(HA, 2005a). The promises made in the “Customers First” document translated to aims of the 
HA’s Business Plan of 2005-2006 to: reduce congestion and improve reliability; improve road 
safety; respect the environment; and seek and respond to feedback from customers (HA, 
2005b). The aim to reduce congestion and improve reliability was further substantiated in 
July 2005 when the Department for Transport published a new Public Service Agreement 
(PSA) target to make journeys more reliable (HA, 2005b). In 2007, this was translated into 
the network occupancy management (NOM) process, which: required a review of working 
times for lane closures on PSA routes; restricted temporary speed limits; and required 
breakdown recovery and CCTV as standard provision on schemes over £4 million, or more 
than six months duration (HA, 2007a).  
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Respecting the environment has been a part of the HA’s Business Plan since 2002, however 
in June 2007, the first Sustainable Development Action Plan was published (HA, 2007b). The 
Plan identified areas where sustainable performance could be improved to deliver a better 
service to customers, these included: sustainable consumption and production through 
consideration for the processes and materials used; protecting natural resources and 
enhancing the environment by using natural resources and reducing emissions and pollution; 
climate change and energy produced through travel on the network and electricity and gas 
used on the network; and creating sustainable communities and a fairer world by helping 
regeneration, local economies and improving safety (HA, 2007b).  
 
In response to these developments in the HA, the CMF introduced new procedures and 
measures, including changes to existing processes. In April 2007, a Project Gateway Review 
(PGR) procedure was introduced to manage the development of schemes and to ensure all 
relevant procedures were fulfilled at the correct stage of development (CMF, 2007). This 
procedure included: identification of traffic management options; submission of proposals for 
departures from the NOM process; consideration for environmental impact and sustainability; 
and identification of lessons learnt, with particular emphasis on journey time reliability 
specific lessons learnt (CMF, 2007).  
 
The CMF used key performance indicators (KPIs) to measure its performance, and there is 
evidence that these were revised to reflect the HA’s focus. This included a change in 2006 
from the client giving a subjective score to the team for service performance, to assessing 
the team on a range of criteria, including understanding of the client’s needs by the suppliers 
and keeping the client informed of changes (CMF, 2003). In 2008 a new KPI measure was 
introduced to measure the amount of waste generated on site that was recycled or reused, 
and the amount of recycled or reused material was used on site.    
 
From examining the documentation provided by the CMF, there has been some effort made 
to align processes with emerging HA directives (see Figure 2). KPI measures have been 
used to focus the CMF on the client’s specific needs, however, there would have been 
further benefits by implementing processes to ensure a structured method of achieving those 
needs.  
 
 
 
Figure 2: Comparison of HA and CMF documentation 
 
Innovation 
The innovation or “good ideas” procedure adopted in the CMF involved including innovations 
as an item on the agenda of every project meeting, discussing all new innovations and good 
ideas, recording those on a register with the perceived benefits detailed (CMF, 2003). 
Innovations registers are posted on the ICT tool: HA-Partnernet.  
 
A review of nine selected schemes between 2003 and 2007 showed a saving of 
approximately £2.4 million from innovations on £35.8 million worth of work, equating to 6.3% 
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of the overall contract value.  Some of the innovations implemented aimed to reduce time 
spent on the carriageway both during the construction of the scheme and for maintenance, 
thus aligning to the HA’s target for reducing congesting and improving journey time reliability, 
as well as presenting large cost savings. Examples include: the use of EME2 material as 
base/binder course, allowing construction of the carriageway to use less surfacing thickness 
and maintained the original surface level removing the need for ancillary work to kerbs and 
gulleys; the use of Geo-Grid on planed surfaces to help prevent future pavement reflective 
cracking; and combining drainage systems so that one drain caters for highway and 
carriageway sub-formation drainage. 
 
Lessons learnt 
The process for capturing lessons learnt on CMF schemes involved discussing any problems 
periodically throughout the project and identifying how these could have been avoided. A 
register of lessons learnt would then be prepared and finalised at a closedown meeting held 
at the end of the construction phase of the project. At the design stage and prior to the 
construction phase, the project manager or an appointed person would review lessons learnt 
from similar type projects and identify how these could apply to the new project. 
 
To evaluate the effectiveness of lessons learnt, three schemes were examined. The lessons 
learnt from two schemes between 2003 and 2005 (P1 and P2) were compared to the lessons 
learnt of a scheme in 2007/08 (P3). All three schemes were similar, involving repair work to 
the columns and beams supporting viaducts around Birmingham. The project participants in 
P1 were the same team to carry out the works of P3, while P2 involved the same 
construction manager, but different specialist contractors.  
 
The results of comparing the three schemes are shown in Figure 3. In P1, 46 lessons learnt 
were identified; in P2, 30 lessons learnt were identified, 12 of which were similar to those 
identified in P1. These schemes were performed concurrently, with some lessons learned 
shared between the two schemes as the construction manager was common to both 
projects. P3 was carried out after the completion of P1 and P2, with a review of the lessons 
learnt from the two previous schemes conducted and assessed for applicability to P3 at Early 
Contractor Involvement (ECI) stage. There were 18 lessons learnt identified in P3; of these, 
three were similar to those identified in P1, and two were similar to those identified in P2 (of 
which one had also been identified in P1).  
 
 
 
Figure 3: Comparison of lessons learnt in 3 schemes: P1, P2 and P3. 
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These results would suggest there has been benefit from identifying and using lessons learnt 
from one project to another, as fewer lessons learnt were reported in P3 than in P1 or P3 
suggesting the problems from the earlier schemes were avoided. Some lessons learnt (28%) 
from P1 and P2 were repeated in P3, and these issues should be examined in detail for 
avoidance on future schemes. It does not seem to have made a difference that the same 
team was involved in P1 and P3; it would have been expected that there would be fewer 
repeated lessons learnt when compared with a project carried out by a different group of 
people, but there were more repeated lessons learnt in P3 from P1 than from P2.  
 
It should be noted that all three schemes were undertaken in Area 9, however, similar types 
work were not generally part of the Area 10 work package. While lessons learnt registers 
were made available Community-wide, it was generally easier to compare works within 
areas, where work type was more aligned. 
 
Selection of specialisms 
The CMF Areas 9 and 10 comprise nine specialisms of first tier suppliers. In most cases, 
there are two specialist framework contractors for each specialism, to allow sufficient 
resources for peak periods of work.  The CMF uses a procedure to determine distribution of 
work, in which the Construction Manager recommends allocation of work based on factors 
such as: the current workload of specialist framework contractors; cost efficiencies of using a 
particular contractor eg due to location and nature of the work; past performance; and 
equality of work distribution (CMF, 2003). However, some of the nine specialisms included in 
the CMF are used far less than others. For example, in Area 9, one specialist framework 
contractor of one of those specialisms worked on the construction phase of projects that ran 
for 8 months in 2004, 3 months in 2005, 10 months in 2006, with no work in 2007. The other 
framework contractors for that same specialism worked 6 months in 2004, 4 months in 2005, 
7 months in 2006 and also had no work in 2007 (see Figure 4). However, while these 
specialist framework contractors were involved in schemes that ran for several months, their 
involvement was small: for Specialist A, the cost of their works was on average 2.6% of the 
total construction cost; for Specialist B, their works cost was on average only 1.2% of the 
total construction cost of the projects they were involved in. This would suggest the actual 
amount of time spent on site was much less than the full construction duration. 
 
 
 
 
Figure 4: Participation of two specialist framework contractors of one specialism in 
CMF Area 9 schemes in construction. 
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While allocations from Area 10 would add to the framework contractors’ workload in the 
CMF, the reliance on different specialisms does not differ significantly one area to the other, 
so it is unlikely the share for these contractors would be much more in Area 10 than it is in 
Area 9.  
 
It would be likely that some specialisms would have a greater share of the workload in CMF 
schemes than others, as shown in Figure 5. However, while construction costs give an 
indication of participation in a scheme, the likely amount of time spent on site should also be 
considered. For example, the contractor with the majority of work for Specialism 9 had a 
significant part in the construction of projects between March 2004 and April 2005, and 
between May 2006 and November 2006, with no work in between, or in 2007.  
 
The issue of inconsistent work flow was also highlighted as an issue in responses to 
questionnaires sent to senior managers of the companies involved in the CMF. Of the 22 
senior managers of specialist framework contractors that responded, five (23%) highlighted 
concerns over unpredictable, discontinuous workflow, when questioned on their perception of 
disadvantages of working in the CMF.  
 
Problems with providing resources arise when workflow is not continuous, and it is possible 
this can affect the quality of construction work. In addition, if work is discontinuous for a 
specialism, and this is disproportionate to the effort required to be a partner in the framework 
and to the profit levels experienced by contractors for other specialisms, this could have an 
effect on the relationship of trust that the contractor for that specialism has with other 
members of the framework. 
 
 
 
Figure 5: Comparison of total construction costs for each CMF specialism in CMF 
Area 9 between 2003 and 2007. 
 
Conclusion 
This paper examines the CMF in Areas 9 and 10 as a model of long-term collaborative 
working between the client, construction managers, specialist framework contractors and 
designers. The members of the CMF have established a self-supporting “Community” to 
align the goals and objectives of the participants of the framework. Three off-line groups 
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define the focus of the Community on: process, culture and measurement. Early on, the 
groups established the mechanisms for operating and working in the framework, and 
continued to develop those systems through the life of the CMF. In particular, measurement 
has been used to align the focus of the Community on the changing directives of the HA, 
although this could have been further improved by implementing formalised processes to 
ensure the client’s needs were met. 
 
The innovation process has proved to be an effective way of capturing savings made on 
schemes. The use of the HA’s Option Beta contract based on activity schedule, with costs 
calculated on derived prices and a pain/gain share for contractors, encouraged innovations, 
which proved to equal savings on average of 6.3% of the overall works costs. 
 
The lessons learnt procedure enabled knowledge to be shared within the Community, and a 
case study of three projects showed there were more lessons identified at the completion of 
earlier schemes when compared to a later scheme of similar type work. However, of the 
lessons learnt in the later scheme, 28% were repeated lessons from the earlier schemes. 
This could be improved, possibly through implementation of a process to review lessons 
learnt from previous schemes and identification of recurrence so that these could be taken 
into account at the planning stage of future schemes. 
 
Finally, in choosing the number of specialisms to be included in the framework, consideration 
should be given to the allocation of work for each specialism. This should include 
consideration for the continuity of work that could be provided on site, as well as the value of 
works intended for each specialism, as it was shown that one specialist had a moderately 
significant proportion of the cost of construction works, but was only included in projects that 
were on site for 20 months out of 48.  
 
The CMF model used in Areas 9 and 10 was uniquely tailored to the requirements of the 
contract and the requirements of the client. While the HA is the client for all areas in England, 
there may be differences in the focus or the way that HA directives are carried out, and these 
should be considered when establishing a framework in other areas. Most importantly, 
commitment and trust in making the CMF a success should be sought from the outset, with 
an aligned vision and objectives shared by all members of the framework. 
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APPENDIX F THE RESEARCH QUESTIONNAIRE 
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Questionnaire: Defining and measuring best value in Construction Management. 
 
 
The Construction Management Community (CMC) has been in operation for highways renewals and 
improvements schemes in Areas 9 and 10 for the last three years.  The Community defines its primary 
objective as demonstrating that Construction Management provides (or shows the clear potential to 
provide) Best Value to the HA, and for the Specialists involved. 
 
The aim of this questionnaire is to seek current views and expectations of Construction Management, 
with an emphasis on the achievement and measurement of best value. 
 
Please tick the appropriate boxes , circle the most appropriate choice, and/or provide 
comments where necessary. 
 
 
Section A: The Respondent Background Information 
 
1. Which Highways Agency Area do you work in? 
 
 Area 9  Area 10  Both 
 
 
2. Which of the following roles does your organisation take in the CMC? 
 
 Client  Specialist Framework Contractor 
 Construction Manager  Supply Chain Partner 
 Other - please specify:   
 
 
3. What position do you hold in your company? 
 
 
 
 
4. Prior to joining the CMC, have you had any previous experience of construction management 
as a procurement method, in which specialist contractors have a direct contract with the client?  
 
 No 
 Yes  <1 year  1-5 years  5-10 years  >10 years 
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5. How much of your total construction experience has been spent working with the following 
forms of procurement?  Give your answer as a percentage. 
 
Traditional - bid and build   
   
Prime contracting (eg design and build)   
   
Management contracting (including CM)   
   
PFI   
   
Other - please specify:    
Total 
  
100 
 
 
6. How many CMC projects have you been involved with (or are currently involved with) at ECI 
stage? 
 
 0  1  2-3  4-7  >7 
 
 
7. How many CMC projects have you been involved with (or are currently involved with) at 
construction stage? 
 
 0  1  2-3  4-7  >7 
 
 
8. On an individual basis, how much time do you spend on non-project specific community 
activities? 
 
 < ½ a day a month 
 1 day a month 
 2-3 days a month 
 4-5 days a month 
 < 5 days a month - please specify:   
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Section B: Measuring Best Value 
 
 
9. In your own words, define best value. 
 
 
 
 
 
 
 
 
 
10. From the list below, or specifying any others, rank what you consider to be the three most 
important requirement to the client in delivering best value (eg if you thought the most 
important requirement to the client would be low construction costs, you would put a 1 in the 
box next to “Low construction costs”). 
 
Free from defects on completion  
Delivered on time  
Delivered within budget  
Fit for purpose  
Low construction costs  
Pleasing to look at  
Short construction period  
Supported by worthwhile guarantees  
Satisfactory life of repair  
Low maintenance cost  
Minimal disruption to public  
Other: please specify  
Other: please specify  
Other: please specify  
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11. Score the following groups so that the total equals 100 of the impact you think each group 
has on achieving best value within the CMC (e.g. if you think all the groups have an equal 
impact, you would give each group a mark of 25, i.e. 4 x 25 = 100). 
 
 
Client  
  
Construction Manager  
  
Specialist Framework Contractor  
  
Supply Chain Partner  
Total 
 
100 
 
12. The CM community identifies nine input and nine output goals to measure best value.  Rank 
these goals in order of relevance to achieving best value, from highest (1) to lowest (9). 
 
A. INPUT GOALS  
    
 Integrated Supply Chain – ensuring Processes and Culture are shared throughout the Supply Chain. 
 Teamwork – the ability to develop strong integrated teams on projects. 
 Optimum Solution – identifying the Optimum Solution at the earliest opportunity including identifying risks. 
 Respecting and Valuing our People – valuing all individuals. 
 Integrated Safety Culture – working as a Community to improve Safety. 
 Pricing Procedure – consistent use of prescribed pricing procedures to ensure optimum prices for schemes. 
 Process Development – improving key processes to drive overall improvements. 
 Robust Measure of Performance –effective measurement of key goals and strategies to drive continuous improvement. 
 Company Performance – effective measurement of individual organisations / companies to provide a platform for improving performance. 
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B. OUTPUT GOALS 
 
 Time Predictability – delivering projects to initial time estimates. 
 Cost Predictability – delivering projects to initial cost estimates. 
 Predictability of Accruals – forecasting accrual expenditure during the lifetime of a scheme. 
 Safety – delivering schemes in a safe way. 
 Defects – eliminating defects. 
 Lean Pricing – schemes being built to a competitive cost, showing savings by eliminating waste. 
 Client Satisfaction Product – satisfying client expectations in terms of product. 
 Client Satisfaction Service – delivering the scheme in a manner that is to the HA’s satisfaction and contributes to the HA’s objectives. 
 Customer Satisfaction – ensuring the public are kept informed of circumstances which impact on the network. 
 
 
 
13. In your opinion and giving reasons, are there any other goals for achieving best value which 
require measurement? 
 
INPUT GOALS: 
 
 
 
 
 
 
 
 
OUTPUT GOALS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The research questionnaire  
 163 
14. In your opinion and giving reasons, are there any goals which should be excluded from 
measurement? 
 
INPUT GOALS: 
 
 
 
 
 
 
 
 
OUTPUT GOALS: 
 
 
 
 
 
 
 
15. On a scale of 1 to 10, with 1 being not at all and 10 being completely, how appropriate do you 
think the current measure for each output goal is in reflecting the performance of the CMC? 
 
 
Not at all 
    
Completely 
Time Predictability 1 2 3 4 5 6 7 8 9 10 
 
Cost Predictability 1 2 3 4 5 6 7 8 9 10 
 
Predictability of Accruals 1 2 3 4 5 6 7 8 9 10 
 
Safety 1 2 3 4 5 6 7 8 9 10 
 
Defects 1 2 3 4 5 6 7 8 9 10 
 
Lean Pricing 1 2 3 4 5 6 7 8 9 10 
 
Client Satisfaction - Product 1 2 3 4 5 6 7 8 9 10 
 
Client Satisfaction - Service 1 2 3 4 5 6 7 8 9 10 
 
Customer Satisfaction 1 2 3 4 5 6 7 8 9 10 
 
 
Comments 
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16. On a scale of 1 to 10, with 1 being not at all and 10 being completely, how appropriate do you 
think the current method of reviewing company performance is in reflecting the performance of 
the CMC? 
 
 
Not at all 
    
Completely 
Company Performance Review 1 2 3 4 5 6 7 8 9 10 
 
 
Comments 
 
 
 
 
 
 
 
 
 
 
Section C: CMC Performance 
 
17. Rate the input and output goals according to your perception of the current performance of 
the CM community in general (1 – Highly unsatisfactory, 10 – Highly satisfactory): 
 
A. INPUT GOALS: 
 
 Highly 
unsatisfactory 
    Highly 
satisfactory 
Integrating the Supply Chain  1 2 3 4 5 6 7 8 9 10 
 
Teamwork  1 2 3 4 5 6 7 8 9 10 
 
Optimum Solution  1 2 3 4 5 6 7 8 9 10 
 
Respecting and Valuing our People 1 2 3 4 5 6 7 8 9 10 
 
Integrated Safety Culture 1 2 3 4 5 6 7 8 9 10 
 
Pricing Procedure  1 2 3 4 5 6 7 8 9 10 
 
Process Development  1 2 3 4 5 6 7 8 9 10 
 
Robust Measure of Performance  1 2 3 4 5 6 7 8 9 10 
 
Company Performance  1 2 3 4 5 6 7 8 9 10 
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B. OUTPUT GOALS: 
 
 Highly 
unsatisfactory 
    Highly 
satisfactory 
Time Predictability 1 2 3 4 5 6 7 8 9 10 
 
Cost Predictability 1 2 3 4 5 6 7 8 9 10 
 
Predictability of Accruals 1 2 3 4 5 6 7 8 9 10 
 
Safety 1 2 3 4 5 6 7 8 9 10 
 
Defects 1 2 3 4 5 6 7 8 9 10 
 
Lean Pricing 1 2 3 4 5 6 7 8 9 10 
 
Client Satisfaction - Product 1 2 3 4 5 6 7 8 9 10 
 
Client Satisfaction - Service 1 2 3 4 5 6 7 8 9 10 
 
Customer Satisfaction 1 2 3 4 5 6 7 8 9 10 
 
 
 
18. Using the letters assigned to each form of procurement shown below: 
 
A Construction management 
  
B Traditional (bid & build) 
  
C Prime contracting (eg design & build) 
  
D Management contracting 
  
E PFI 
  
F Other – please specify:  
   
G Other – please specify:  
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In your opinion, what form of procurement would achieve the best results for the following 
output goals? 
 
Time Predictability  
Cost Predictability  
Predictability of Accruals  
Safety  
Prevention of Defects  
Lean Pricing  
Client Satisfaction - Product  
Client Satisfaction - Service  
Customer Satisfaction  
 
19. Using the same letters as in question 18, what form of procurement is best suited to the 
following categories of work procured by the Highways Agency in your opinion? 
 
Maintenance  
Renewals and improvements  
Sensitive locations  
Short term contracts  
Section D: Working in the CMC 
 
20. In achieving best value in the CMC, how important do you think it is for your company to 
establish a good relationship with the following people?  Rank in order of importance, with 1 
being most important, to 4 being least important. 
 
Client (ie Highways Agency)  
Construction Manager  
Specialist Framework Contractors  
Supply Chain Partners  
 The research questionnaire  
 167 
21. In general, how easy have you found it to establish a good relationship with the following 
people: 
 
  Not easy  
at all 
Very  
easy 
A Client 1 2 3 4 5 
   
B Construction Manager 1 2 3 4 5 
   
C Specialist Framework Contractors 1 2 3 4 5 
   
D Supply Chain Partners 1 2 3 4 5 
 
22. In your experience, what did you think would be the benefits of working within the CM 
community (in theory), and what are the actual benefits (in practice)? 
 
 IN THEORY IN PRACTICE 
 No 
benefit 
Some 
benefit 
Great 
benefit 
No 
benefit 
Some 
benefit 
Great 
benefit 
Encourage innovation       
Better relationship with client       
Better relationship with contractors       
Better relationship with supply chain partners       
Shared learning and best practice       
Improvement in own performance       
Stronger support for change       
Opportunities outside HA work       
Process development       
Performance measurement       
Appropriate risk allocation       
Predictable work flow       
Early contractor involvement       
Better contractual payment arrangements       
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23. In your opinion, are there any other benefits of working within the CM community: 
 
A In theory? 
 
 
 
 
 
 
B In practice? 
 
 
 
 
 
24. From your experiences, what do you consider are the disadvantages of working within the 
CM community, if any? 
 
 
 
 
 
 
 
25. In your opinion, what is the future potential for construction management as a procurement 
method in the highways construction industry? 
 
 
 
 
 
 
 
 
 
Thank you for completing this questionnaire 
 
If you would like a summary of the results, please write your contact details below: 
 
 
Please return to:   
Mary Wolbers 
Senior Project Engineer 
AmeyMouchel  
Highways Maintenance Compound 
Stafford Park 10 
Stafford Park Industrial Estate 
Telford  
TF3 3BU 
If you have any queries concerning this 
questionnaire please contact me: 
 
By telephone: 01952 655558 / 07736 739629 
By email: mary.wolbers@ameymouchel.com 
By fax: 01952 655501 
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APPENDIX G LEAN INTERVIEW QUESTIONS AND 
RESPONSE MATRIX 
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Research aim: To demonstrate what benefits lean construction can provide in highways maintenance 
under a partnering framework arrangement. 
 
Action based research will use the M6 J10-11 project as a case study.  This will involve interviews 
aimed at: establishing the level of understanding and objectives of lean construction; and 
developing a plan for implementation, managing change and evaluation, with a view to 
reviewing these on a monthly basis, with interviews to confirm (or refute) the observations of the 
researcher. 
 
 
Question 1:  Understanding the need for lean construction 
a. What do you understand by lean construction?   
b. Why is it being done?   
c. Are there real benefits and savings to be gained or is it done just because the Client wants 
it done? 
d. What was occurring before?   
e. What would happen if we didn’t change? 
 
 
Question 2: Determining the objectives  
a. What are the objectives of using lean construction for your organisation?  For the project?  
For CM community?  
b. How are these objectives being achieved (in pre-construction phases) by your 
organisation?  By the project team?   
c. What are we aiming to improve on this project? 
d. How will these be achieved in construction phase?  
e. How will you involve your organisation (in particular, the workforce)? 
f. How well are you achieving your objectives / project objectives?   
g. How well are others doing this? 
 
 
Question 3: Changes required for successful implementation of lean construction on this project 
a. What needs to change in order to achieve the objectives (structures, attitudes, culture)?   
b. How will these changes be implemented? 
c. What will be the barriers?  What could go wrong?  How will these be resolved? 
d. What will be the enablers?  What should go right?  How will this be managed? 
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Question 4: Evaluating outcomes on this project 
a. How will progress be reviewed by you?  Your organisation?  The project team? 
b. What will be the successful outcome for the project?  For your organisation?  For the CM 
community? 
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  Person 1 Person 2 Person 3 Person 4 Person 5 Person 6 Person 7 
Experience with 
lean 
construction 
One hour 
presentation on 
other contract - 
Lean Thinking 
Limited afternoon 
session 
None Lean Thinking 
Limited afternoon 
session 
None Lean Thinking 
Limited full day 
session 
Lean Thinking 
Limited full day 
session 
Lean Thinking 
Limited afternoon 
session 
Definitions of 
lean thinking 
Forward planning, 
only as good as 
your weakest link 
Achieve the most 
efficient programme 
with no slack or 
gaps 
A bunch of graphs 
and creation of a 
buffer zone 
Compressing the 
programme, taking 
advantage of 
opportunities 
Creating flow, no 
multitasking 
Taking inefficiencies 
and unnecessary 
float out of the 
programme to give 
continuous flow of 
activities 
Creating a buffer 
at the end rather 
than building it 
into activities, and 
focussing on end 
dates 
Driver for lean 
thinking on M6 
J10-11 
Don't know.   Initiative from off-
line group 
No idea - maybe Ali 
Mafi 
The Highways 
Agency 
CM Board   Mick Joy 
Involving the 
workforce 
No Used two-weekly 
programme as 
targets, not 
presented as lean 
thinking 
No No   Only involved staff 
attending weekly 
planning meetings 
No - except to 
give timescales 
Objectives for 
M6 J10-11 
None - savings 
would be made 
anyway without lean 
thinking 
  Trying to bring the 
job forward, end 
early by a week or 
two 
  Reduce project time 
by chopping 20% off 
the programme 
Finish before 
Christmas 
To ensure the 
programme is 
followed 
accurately and 
finish on time 
Recording of delays 
in a better format for 
analysis in relation 
to problems we 
have 
To reassure the 
client that 
programmes are 
providing value and 
not building in too 
much float 
No idea Save money, cut 
down programmes, 
getting a pound of 
flesh, because it 
was not felt the HA 
were getting value 
for money 
To provide 
consistency across 
schemes and 
identify what was 
being done 
differently on 
schemes with 
successes 
To deliver better 
value to the client in 
terms of quality and 
speed of delivery, 
by making the whole 
process more 
efficient and more 
effective 
 
 
 
 
  Objectives of 
CM community 
  
        Innovation 
 
  Innovation 
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  Person 1 Person 2 Person 3 Person 4 Person 5 Person 6 Person 7 
Looking ahead at 
activities in the next 
two weeks to check 
everything is in 
place (constraints 
analysis) 
Discipline of 
focussing on each 
individual item 
required to organise 
and achieve targets 
(constraints 
analysis) 
Highlights issues 
such as method 
statements 
(constraints 
analysis) 
  Discipline of 
constraints analysis  
Discipline on 
planning procedures 
- lookahead 
assigned actions 
and swept away 
obstacles 
Structured 
meetings 
focusses people - 
discipline is very 
good 
Benefits 
  
  Produces targets for 
the week (2-weekly 
plans) 
  It has highlighted 
problems with 
programming at ECI 
stage 
Delay analysis was 
not releveant on 
scheme basis, but 
data could be 
collected and 
compared across 
CM schemes 
Encouraged more 
positive contribution 
to keeping the 
programme tight 
People focussing 
on timescales 
Laborious to put in 
place - long 
meetings (but 
getting better) 
Makes meetings a 
bit longer - but 
focusses on 
planning which is 
what we should be 
doing 
    Time consuming 
with so many people 
involved - would be 
easier to do on 
smaller schemes 
Very time 
consuming at the 
busiest parts of the 
contract 
Lengthy meetings 
  Don't take much 
notice of the graphs 
(showing buffer) - 
didn't understand 
the graphs and 
doesn't think the 
produce anything 
meaningful 
The charts were 
meaningless 
  Could not see how 
continuous flow 
could be applied, 
particularly with 
activities such as 
TM where the 
programme cannot 
be squeezed 
  Charts are crap - 
Lean Thinking 
Limited do not 
understand our 
programme and 
do not understand 
what we do 
Problems 
  
  
  Don't understand 
what lean thinking is 
trying to do 
Don't really 
understand it 
Don't understand it     Delivery of the 
training was poor - 
don't understand 
what Lean 
Thinking Limited 
are trying to get 
out of it 
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  Person 1 Person 2 Person 3 Person 4 Person 5 Person 6 Person 7 
Teamwork Teamwork and 
personalities 
Specialists have 
found a more 
efficient way of 
working 
Specialists working 
more efficiently 
Teamwork and 
personalities 
  Contractors 
always push to 
finish as early as 
possible 
Reasons that 
M6 J10-11 was 
successful 
  
  Revamp of 
programme 
  Re-programming - 
bad programming 
from the start 
  Very sharp focus on 
finishing before 
Christmas 
Exaggerated 
programme to 
start with 
Success 
attributed to 
lean thinking 
No delays to the 
contract requires 
everything to be in 
place 
Same outcome, but 
less problems on 
the day-to-day 
running because we 
weren't missing 
things and there 
was a focus on what 
needed to be done 
ahead of activities 
starting 
None - lean thinking 
is fine if nothing 
goes wrong, but 
things do get in the 
way so it works until 
it gets to that point 
ECI and lean 
thinking are two 
tools used to make 
it a successful 
project 
Difficult to tell Not a huge amount, 
not nothing 
Same outcome 
but less 
firefighting and 
crisis 
management 
needed - job is 
smoother 
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APPENDIX H LEAN PROCEDURE AND TEMPLATES 
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1.0 Flowchart 
 
2.0 Purpose 
 
The purpose is to outline the procedure for 
implementing lean tools to maximise value 
and minimise waste in construction. The 
procedure relies on the use of a buffered 
programme, with activities planned on early 
starts and actual durations with risk removed 
and used as a buffer at the end of the project 
(or at key milestones, eg TM removal). This is 
in line with the requirements of the ECC. It is 
intended this procedure will be used on sites 
managed by the Delivery Team in Area 9.  
 
 
3.0 Scope 
 
3.1 There are 3 analyses to be undertaken: 
constraints analysis, delay analysis and buffer 
analysis.  
 
3.2 Constraints analysis: 
An excel spreadsheet is used to identify the 
preparation that is required to “make ready” 
activities planned to start in the next 4 weeks. 
The spreadsheet should be set up at the 
beginning of the project with all activities and 
start dates transcribed from the master 
programme. The preparation categories should 
include items such as drawings and design, 
method statement, temporary works and 
materials. A template is included in MAC9-
F11-xx-01, and further preparation categories 
can be included on this. 
 
The analysis should be undertaken weekly as a 
team exercise during planning meetings. The 
constraints analysis spreadsheet should be 
filtered to show the activities planned to start 
in the next 4 weeks. Each activity is to be 
assessed, with a cross placed under every 
preparation category that has not been 
completed and will prevent the activity from 
starting. For each activity that is then not 
ready to start, a person is to be assigned the 
responsibility of ensuring the constraint is 
removed by a due date. An activity is not 
deemed ready to start until there are no crosses 
against any of the preparation activities, 
signalling that all constraints have been 
removed. 
 
3.3 Delay analaysis: 
A two-week plan is to be tabled at the weekly 
planning meeting. This should be revised 
based on input from the appropriate 
specialists. This forms the basis of a 
Highlight 
activities to take 
place in next 4 
weeks from 
master 
programme and 
copy and paste to 
weekly proforma 
Ensure master 
programme has early 
starts and durations with 
risk taken out and used as 
a “buffer” at the end of 
the project or milestones 
Highlight 
activities to take 
place in next 2 
weeks and copy 
and paste to 
weekly proforma 
 
As a team, 
identify 
constraints 
preventing 
activities from 
starting 
Review 2 week 
plan and make 
necessary 
changes with 
specialists input 
Prior 
to 
start 
on site 
Start 
of 
week 
 
 
Identify activities 
completed in 
week with 
specialists input 
and record 
reasons for delay 
End of 
week 
Identify overrun 
of critical 
activities 
Weekly 
planning 
meeting 
 
 
Review programme and make any 
necessary changes 
Complete delay analysis on weekly 
proforma 
Transfer information from weekly 
proforma to summary proforma 
Review PPC chart, delay pie chart, 
buffer chart 
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measurement for the number of promises kept 
in terms of completion of activities signed up 
to in developing the two-week plan. 
 
At the end of each week, information is to be 
collected on site of the activities that have 
been completed by the dates shown on the 
two-week plan.  
 
If the activity has not been completed, a 
reason for the delay is required, from a 
prescriptive list defined prior to the start of 
works on site. A template is included in 
MAC9-F11-xx-01, and further reasons for 
delay can be added. 
 
If a critical acitivity has not been completed 
on time, the number of days it has overrun is 
to be recorded on the delay templat in MAC9-
F11-xx-01. This will be used to calculate the 
percentage of buffer used. 
 
3.4 Buffer analysis: 
The percentage of buffer used is to be 
calculated on a weekly basis. Where critical 
activities have not finished on the day shown 
in the programme, the buffer is reduced by the 
overrun of each critical activity. The amount 
that the buffer is reduced by is calculated as a 
percentage of the total buffer, equating to the 
percentage of the buffer used. A 
green/amber/red system is used to highlight 
the effects of reducing the amount of buffer 
throughout the duration of the programme. 
Green indicates the completion date is safe, 
red signals danger to the completion date with 
action required, and amber indicates 
monitoring of the programme is required to 
ensure the completion date is kept safe.  
 
A template for entering summary information 
is included in MAC9-F11-xx-02. This 
includes: 
• number of planned activities 
completed on time as a percentage of 
the total number of planned 
activities;  
• project progress as a percentage of 
the total duration of the scheme; 
• number of days delay for critical 
activities expressed as a percentage 
of the total buffer allowed for the 
scheme. 
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4.0 Associated Documents 
 
New Engineering Contract 2nd edition 
CMF Draft Procedure for the Development and Control of Programmes 
 
5.0 Documentation / Records 
 
Reference Description 
Responsibility 
for Records 
Location Held/ 
Storage Medium 
Retention 
Period Why? 
  
a) Retention of.. 
b) Disposal of.. 
Electronic (E), Hard 
Copy (H) 
Years (Y) 
Months (M) 
(*) 
MAC9-F11-xx-01 Weekly proforma  E   
MAC9-F11-xx-02 Summary proforma  E   
      
* Requirement: Statutory (S), Commercial (C) 
6.0 Record of Revisions 
 
Rev. Date Comment Approved 
for IMS 
Approved 
for content 
Authorised 
for use 
01 03/01/08 First Issue    
      
• Where practicable, changes made in the last revision shall be marked with a ן in the right hand margin 
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Amey Mouchel                     
Lean Weekly Proforma   
Project :                      
     Preparation Categories    
ID Activity / Task 
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Amey Mouchel                  
Lean Summary Proforma 
Project:                      
                     
Total no. of 
weeks in 
programme 
 
  
Total no. 
of days in 
buffer 
              
  
       Reasons for Delay       
L
a
c
k
 
o
f
 
i
n
f
o
r
m
a
t
i
o
n
 
S
e
t
t
i
n
g
 
o
u
t
 
L
a
c
k
 
o
f
 
m
a
t
e
r
i
a
l
s
 
P
l
a
n
t
 
s
h
o
r
t
a
g
e
 
P
l
a
n
t
 
b
r
e
a
k
 
d
o
w
n
 
M
a
n
 
p
o
w
e
r
 
s
h
o
r
t
a
g
e
 
H
&
S
 
T
e
c
h
n
i
c
a
l
 
a
p
p
r
o
v
a
l
 
r
e
q
u
i
r
e
d
 
P
o
o
r
 
o
u
t
p
u
t
s
 
W
e
a
t
h
e
r
 
N
e
w
 
i
n
s
t
r
u
c
t
i
o
n
 
P
o
o
r
 
P
r
e
d
i
c
t
i
o
n
 
o
f
 
W
o
r
k
l
o
a
d
 
P
r
e
c
e
d
i
n
g
 
a
c
t
i
v
i
t
y
 
d
e
l
a
y
e
d
 
Week 
Project 
progress 
No. of 
activities 
planned 
for the 
week 
No. of 
planned 
activities 
completed 
in the week 
No. of 
days 
delay for 
critical 
activities 
0 0 0 0 0 0 0 0 0 0 0 0 0 
% planned 
activities 
completed 
on time 
Remaining 
days of 
buffer 
% use of 
buffer 
0 0 0 0 0                           0 0 0 
1 #DIV/0!                                 #DIV/0! 0 #DIV/0! 
2 #DIV/0!                                 #DIV/0! 0 #DIV/0! 
3 #DIV/0!                                 #DIV/0! 0 #DIV/0! 
4 #DIV/0!                                 #DIV/0! 0 #DIV/0! 
5 #DIV/0!                                #DIV/0! 0 #DIV/0! 
6 #DIV/0!                                 #DIV/0! 0 #DIV/0! 
7 #DIV/0!                                 #DIV/0! 0 #DIV/0! 
8 #DIV/0!                                 #DIV/0! 0 #DIV/0! 
9 #DIV/0!                                 #DIV/0! 0 #DIV/0! 
10 #DIV/0!                                 #DIV/0! 0 #DIV/0! 
 
